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BuRMBisTBR,  0.  A.,  E.  F.  Chilcott,  and  W.  D.  Griqos, 
bulletin  on  ''Com,  milo,  and  kafir  in  the  Southern  Great 

Plains  area:  Relation  of  cultural  methods  to  production '' . .  242 

Butternut,  range  and  lumber  output 232 
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CaUfoniia —  Bultotia 

dried-fruit  iDsects,   control,  bulletin  by  William  B.  No.  Pil». 

Flarker 235  1-16 

lumber  industry ,  gawmilb,  output,  kinds  o!  wood ,  etc 232  |    j.  h  Si-si 

BtrawbeTTy  shipments,  1914 237  5, 6-7 

tmpentine  industry,  outlook,  problems,  etc 229  7,8,44-49 

oubolineum  concentrates,  f ormulaB,  toxicity  to  fun^,  tests . . .         227  24 

CerpophUus  hemipterus,  dried-fmit  infestation,  habits 235  5 

OMtefMadmlola,  range  and  lumber  output  by  States 232  17 

Cats,  flea  infested,  treatment 248  23-24 

Cedar,  spedes,  range,  and  output 232  1&-20 

Cellais,  lining  with  oil-mixeo  concrete,  value 230  l(m2 

Cement — 

concrete,  oil-mixed  Portland,  bulletin  by  Logan  Waller 

Page 230  1-26 

industry,  American  Portland,  magnitude 290  1 

cil-mixed  Portland  cement,  bulletin  by  Logan  Waller 

P^e 290  1-26 

selection  for  oil-mixed  concrete 230  6-7 

Cgratophalhu — 

acutiu.    See  Flea,  ^ound-squiirel. 

^Uinx.    See  Bird  flea. 

#pp.,tiransmiaBion  of  bubonic  plague,  note 248  12 

CJunutofparia — 

lawmmiana,  nnge 232  19 

nootkateriMf  naige 232  19 

(Ayoufet,  range 232  19 

Charcoal,  making,  cost  of  various  operations  and  selling 

price 234  20-21 

Chemicals — 

toxicity  to  plant  life — 

determining  factors 227  8-11 

variation,  historical  notes 227  3-14 

Chefry— 

juice,  preparation  and  sterilization,  experiments 241  14 

range  and  lumber  output 232  27,29 

Chestnut,  zance  and  lumber  output  by  States 232  15 

Chicken  flea,  Ufe  cycle  and  longevity 248  7,8 

See  aUo  Bird  flea;  Sticktight  flea. 

Chickens,  flea  iiffested,  treatment 248  24 

Chigoe  flea^ 

injury  to  man 248  22 

occurrence,  nature  and  hosts 248  21-22 

CmLcoTT,  E.  F.,  W.  D.  GaieaH,  and  C.  A.  Burmbistsr,  bul- 
letin on  ''Com,  milo,  and  kafir  in  the  Southern  Qreat  Plains 
area:  Relation  of  cultural  methods  to  production " 242  1-20 

"Chipping,"  turpentining,  yield  from  different  methods,  etc.         229  |  11""»  ^^^^ 

Chlorid,  lime,  use  against  fly  larvse  in  hotse  manuro,  experi- 
ment  *. 246  6 

Cisterns,  use  of  oil-mixed  cement  concrete,  value 230  13 

COAB,  B.  R.— 
bulletin  on — 

*'Recentstudiesof  the  Mexican  cotton-boll  weevil".         231  -  1-34 

"Relation  of  the  Arizona  wild  cotton  weevil  to  cotton 

phmting  in  the  arid  West" 233  1-12 

Coal-tar  creosote,  K>rmula8,  toxicit^r  to  fungi,  tests 227  21-23 

Cockle,  com,  use  against  fly  larvse  in  horse  manure,  experi- 
ments          246  13 

Colcfado,  lumber  industrv,  sawmills,  output,  kinds  of  wood,  \       090  /     ^i  1^15, 27, 

etc ; /       ^^  t  30-31. 

Cmnandra  plants,  nature,  propagation,  and  eradication 247  17 

ComophoruM  ponderasx.    See  Yellow-pine  cone  beetle . 
Concrete — 

advantages  and  objections 230  1-2 

blocks,  use  of  oil-mixed  cement,  value 230  13-14 
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Concrete — Continued.  Bulletin 

oil-mixed—  -No.  Page. 

cement,  uses 230  9-15 

materials  and  directions  for  making 230  6-9 

nature  and  service  tests 230  2-9 

Mtent,  note 230  26 

JPortland-cement,  physical  tests 230  16-26 

reqiiirements  for  cubic  yard 230  9 

Portland  cement,  pavements  for  country  roads,  bulletin 

by  Charles  H.  Moorefield  and  James  T.  Voshell 249  1-34 

roads.    See  Roads,  concrete. 

waterproof,  tests  of  oil-mixed,  for  various  purposes 230  4-6 

Cohe  beetles — 

control  measures,  discussion  and  remedies 342  11-12 

description,  and  life  habits  of  species  affecting  sugar  pine 

and  western  yellow  pine 243  1-10 

Injury  to  sugar  pine  and  western  yellow  pine,  bulletin 

by  John  M.  Miller 243  1-12 

nature  and  feeding  habits ^.         243  1-2 

Connecticut,  lumber  industry,  sawmills,  output,  kinds  of 

wood,  etc 232    8,12,17,29-31 

Conophihorus  spp.    See  Cone  beetle  and  Sugar  pine  cone 

beetle. 
Cook,  F.  C,  R.  H.  Hutchison,  and  F.  M.  Scalbs,  bulletin 
on  *' Further  experiments  in  the  destruction  of  fly  larvae  in 

horse  manure " 245  1-22 

Copperized  oil,  toxicity  to  fungi,  tests 227  27 

Corn- 
cockle, use  against  fly  larvse  in  horse  manure,  experi- 
ments  - 245  13 

growing  by  different  methods,  cost  per  acre  in  Southern 

Great  Plains 242  7-11 

milo,  and  kafir  in  Southern  Great  Plains,  bulletin  by 
E.  F.  Chilcott,  W.  D.  Griggs,  and  C.  A.  Burmeister  ....         242  1-20 

Cotton — 

boll  weevil — 

description,  characteristics,  life  habits,  etc 231  4-31 

distribution,  diagram  and  history 231  1-2 

foodplants , 231  3-4 

life  history  on  cotton 233  5 

longevity  records  of  different  species 23F  6-10 

Louisiana,  comparison  with  Texas  weevil,  studies. .  231         6-10, 32-83 

Mexican,  recent  studies,  bulletin  by  B.  R.  Coad ....         231  1-34 

natural  control 231  31-32 

parasites  and  disease,  studies 231  31-32 

relative  proportion  of  sexes  c^  various  species 231  10 

leaf  worm,  food  nabits  and  occurrence 231  4 

losses  from  boll  weevil,  1914 233  2 

plant,  wild.    5c€  afeo  Thurberia plant, 
planting  in  arid  West,  relation  ol  the  Arizona  wild  cot- 
ton weevil,  bulletin  by  B.  R.  Coad 233  1-12 

weevil,  Arizona  wild,  relation  to  cotton  planting  in  the 

arid  West,  bulletin  by  B.  R.  Coad 233  1-12 

Cottonwood,  species,  range,  and  output 232  22 

CreoUn,  use  against  fleas  on  animals 248  23-24 

Creosote,  wood,  toxicity  to  fungi,  tests 227  26 

Cresol  calcium,  toxicity  to  fungi,  tests 227  26 

Cresylic  acid,  use  against  fly  larvae  in  horse  manure,  experi- 
ments          245  11 

Cronartium  m/riforme — 

cause  of  disease  of  pines,  bulletin  by  George  C.  Hedg- 

cock  and  William  H.  Long 247  1-20 

distribution  and  dissemination 247  8-13 

effect  on  host  plants 247  13-16 

history,  morpholep,  synonomy ,  and  description 247  1-5 

inoculation  experiments 247  5-8 

Crossties,  lodgepole  pine,  use  and  value 234  4-5 

CtenocepheUua  cants.    See  Dog  flea. 
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Cacumber  tree,  range  and  lumber  output 

Curbing,  brick  roads,  requirements  and  construction 

Currant  juice,  preparation,  sterilization,  and  concentration, 

experiments 

CypresB,  range,  and  lumber  output,  by  States 

D^wtre — 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc. 

strawberry  shipments,  1914 

Dendroctonxu  frontalis,  injury  to  shortleaf  pine,  control 

DmnotopAiZti^  perutrans.  See  Chigoe  flea. 
Diatomaceous  earth,  ^e^  Infusorial  earth. 
Distillation — 

crude  resin — 

equipment  and  operations,  and  management 

French  methods,  equipment,  etc 

D(igflea— 

description,  occurrence,  habits,  and  control 

host  of  tapeworm,  note 

life  cycle  and  longevity 

Dog5,  infestation  with  fleas,  treatment 

Do^ood,  range  and  lumber  output 

Dned  fruit- 
beetle,  life  habitB 

belt  heater,  description  and  management 

contain^s — 

fiber-board,  shipping  tests,  advantages 

recommendations 

insect  infestation,  in  California 

insects,  control  in  California,  bulletin  by  William  B. 
Parker 

packing,  preparation  of  st^ile  packages 

procesBmg,  formulas 

protection  from  insect  infestation,  methods  and  man- 
agement   

sulphuring,  effect  on  insects  infesting,  experiments 

Drier,  resin,  nature  and  uses 

Ebony,  lumber  output 232 

Echidnophaga  gallinacea.    See  Sticktight  flea. 
Eggplant— 

mjury  by  lace-bugs,  investigations  and  control 238 

lace-bug — 

buUetin  by  David  E.  Fink 239 

description,  Ufe  history,  and  distribution 239 

insect  enemies  and  parasites 329 

Elevators,  farmers '  cooperative,  a  system  of  accounts  for 236 

^,  species,  range,  and  output 232 

Exports,  naval  stores,  1860-1913 '229 

fagru  oJtropunicea,  rai^e  and  lumber  output  by  States 232 

Fanners'  cooperative  elevators,  system  of  accounts  for,  bulle- 
tin by  John  R .  Humphrey  and  W.  H .  Kerr 236 

Rgs- 

<iried,  processing,  directions  and  formula 235 

packing  to  prevent  insect  infestation,  experiments 235 

bulletin  on — 

"The  verbena  bud  moth" 226 

"The  eggplant  lace-bug' ' 239 

Rr— 

Douglas,  lumber  output,  by  States 232 

speaes  and  range 232 

Fire  clay,  nature  and  use  for  paving  brick 246 
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232 
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27,29 
^11,30-31 

241 
232 

10-11 
15 

232 
237 
244 
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6,7 
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229 
229 

27-31 
36-89 

248 
248 
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248 
232 

18-19, 2^31 

19 

7,8 

23-24 

28-29 

235 
235 

6 
2^ 

235 
235 
235 

10-11 

9-13 

3-5 

235 
235 
235 

1-15 

14 

5-6 

235 
235 
229 

8-10 

6-7 
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1-30 
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Fires,  forest—  No. 

damage  to  shortleaf  pine  stands 244 

protection  of  lod^epole  pine  stands 234 

Fish-oil  soap,  use  against  eggplant  lace-bug,  experiments  —  239 

Flathead,  injury  to  cut  pine  timber,  control 244 

Flea— 

fifround  squirrel,  life  cycle  and  longevity 248 

human,  description,  occurrence,  habits,  and  control 248 

repellanta 248 

Fleas- 
abundance  and  spread,  factors  influencing 248 

breeding  places 248 

bulletin  by  F.  C.  Bishopp 248 

economic  importance  in,  discussion 248 

hosts  and  biting  habits 248 

life  cycles  of  various  kinds  in  different  countries 248 

life  history,  longevity,  and  breeding  places 248 

parasitic  on  mau  ana  animals,  descriptions,  habits,  and 

control  measures 248 

protection  from,  methods 248 

transmission  of  diseases,  history  and  danger 248 

trapping,  methods 248 

Fleming,  Ruth  M.,  and  0.  J.  Humphrey,  bulletin  on  '^The 
toxicity  to  fungi  of  various  oils  and  salts,  particularly  those 

•    used  in  wood  preservation" 226 

Florida- 
lumber  industry,  sawmills,  output,  kinds  of  wood,  etc. .  232 

turpentine  industry •      229 

Fly— 

larvse — 

destruction  in  horse  manure,  further  experiments, 
bulletin  by  F.  C.  Cook,  R.  H.  Hutchison,  and 

F.M.  Scales 246 

destruction  in  manure,  equipment,  management, 

and  examination  of  results 245 

paper,  use  as  protection  from  fleas 248 

Forest  fires,  effect  on  shortleaf-pine  reproduction 244 

Forests— 

grazing,  note 234 

lodgepole  pine — 

management,  cutting,  seeding,  etc 234 

management,  rotations,  cutting,  seeding,  etc 234 

protection  from  fire  and  insects 234 

Formaldehyde,  use  against  fly  larvse  in  horse  manure,  ex- 
periments   246 

Fiance,  sugar  beets,  acreage  and  production 238 

Fraxinus,  spp.    See  Ash. 

Frazer  fir,  note 232 

Fruit- 
dried,  insects  injurious  in  California,  economic  im- 
portance, etc 235 

See  also  Dried  fruit, 
juices — 

concentration  by  freezing,  management 241 

containers,  kinds  and  treatment 241 

freezing  storage,  treatment  of  various  kinds 241 

preparation,  sterilization  and  concentration,  experi- 
ments with  various  kinds 241 

sediment^  removal,  methods 241 

sterilization,  methods 241 

studies,  bulletin  by  H.  C.  Gore 241 

sulphuring,  effect  on  insects ! 235 

Fumigants,  use  in  ridding  buildings  from  fleas 248 


34-35 
46 

7 
36 

7,8 

16-18,22^1 

30 

10-11 
8-9 
1-31 
1-2 
2-4 
6-7 
4-7 

16-31 

30-31 

1-2 

28-30 


1-38 

r     7,10,14,16, 

t    22,25,30-31 

7,8,43,44 


1-22 

1-2 
30-31 
21-24 

48 

21-46 
21-46 
46-48 

11 
2 

26 


2-3 


8 
5-7 
7-8 

9-19 

3 

2-9 

1-19 

6-7 

27 


Digiti 


zed  by  Google 


INDEX.  7 

Pnngi— 

control,  toxicity  ci  various  oils  and  salts  used  in  wood  BuUeUn 

prewrvation,  bulletin  by  C.  J.  Humphrey  and  Rifth  ^o  p»k«- 

11.  Fleming. 227  1-38 

effect  of  light  on  growth 227  8 

effects  of  poisonous  agents,  discussion. 226  2-3 

Fungus,  disease  of  pines,  cause  by  cronartium  pyrilonne 247  1-20 

Otfgafkia  tokmi.    See  Eggplant  lace  bug. 
Georgia— 

f     8,10,12,14, 
lumber  industry,  sawmills,  output,  kinds  of  wood,  etc...         232  {         16-17, 23, 

I  29-31 

turpentine  industry 229  7,8,40,43 

Germany,  sugar  beets,  acreage  and  production 238  2 

Gipsv  moth — 

food  plants,  bulletin  by  F.  H.  Mosher 250  1-39 

food  plants,  list  of  tested  and  results 250  5-35 

plant  food,  studies  and  experiments 250  1-32 

GoRi,  H.  C,  bulletin  on  **Studiee  on  fruit  juices" 241  1-19 

Grun  elevator — 

businesB,  office  equipment,  inventory,  auditing  books, 

etc 236  2-4 

iiimea'  cooperative,  a  system  of  accounts,  bulletin  by 

John  R.  Humphrey  and  W.  H.  Kerr 236  1-30 

Great  Plains,  Soudem— 

corn,  milo,  and  kafir,  relation  of  cultural  methods  to 

production 242  1-20 

live-stock  industry,  outlook 242  20 

Giioos,  W.  D.,  E.  P.  Chilcott,  and  C.  A.  Burmbuitbr, 
bnlletin  on  "Comj  milo,  and  kafir  in  the  Southern  Great 
PbiDsarea:  Relation  of  culttural  methods  to  production ". .         242  1-20 

Gwmdbog,  tranmiission  of  bubonic  plague,  instance 248  12 

Groond-squirTel  flea,  life  cycle  and  longevity 248  7,8 

Gam,  range  and  lumber  output,  by  States 232  16 

Hackbeiry,  range  and  lumber  output 232  28-29 

Heart  pine.    See  Shortleaf  nine. 

Hedococx,  Gbobob  C,  ana  Wiluam  H.  Long,  bulletin  on 

"A  disease  of  pines  caused  by  croYUir(tumpyr(/brm€" 247  1-20 

Hellebore— 

use  against  fly  larvse  in  horse  manure,  experiments 245  14-17 

varieties  and  common  names,  discussion,  etc 245        17,19-20,21 

BeUUhmu  niger,  note 245  17 

Hemlock,  species,  range  and  lumber  output,  by  States 232  1^14 

Hickory,  species,  ranse  and  lumber  output,  by  States 232  23-24 

Hiema  spp.    See  Hickory. 

Holland,  sugar  beets,  acreage  and  production 238  2 

Hone  manure,  fly  larvee  in,  destruction,  experiments,  bul- 
letin by  F.  C.  Cook,  R.  H.  Hutchison,  and  F.  M.  Scales. .  245  1-22 

Huckleberry  juice,  preparation,  experiments 241  15 

HuifPHSET — 

C.  J.,  and  Ruth  M.  FLsmNe,  bulletin  on  ''The  toxicity 
to  fungi  of  various  oils  and  salts,  particulariy  those 

used  in  wood  preservation " 227  1-38 

John  R.,  and  W.  H.  Ksrr,  bulletin  on  ''A  system  of 

accounts  for  feurmers*  cooperative  elevators " 236  1-30 

Hotchison,  R.  H.,  F.  C.  Cook,  and  F.  M.  Scales,  bulletin 
on  '*  Further  experiments  in  the  destruction  of  fly  larvee  in 

horse  manure " 245  1-22 

HydrDcyauic-acid  gas,  treatment  of  flea-infested  buildings. .         248  27 

Ice  storms,  effect  on  pine  stands 244  32-34 

(  8,10,13-14, 

Idaho,  lumber  industry,  sawmills,  output,  kinds  of  wood,  etc.          232  {  18,20,25, 

I  27, 30-31 
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Illinois,  lumber  industry,  sawmills,  output,ldnds  of  wood,  etc .  232  |      '  26  29^ 

Indian  meal,  moth,  life  history  and  egg-laying  records 235  3-5 

Indian  rat  flea.    See  Rat  flea,  Indian. 

24, 2d,  ^31 
Infusorial  earth — 

nature,  v^ue  as  filter,  etc 241  3 

use  in  filtering  fruit  juices,  suggestions 241  3 

Insects,  dried-fruit,  control  in  California,  bulletin  by  William 

B.Parker 235  1-15 

Iowa,  lumber  industry,  sawmills,  output,  kinds  of  wood,  etc .  232    8, 21-22, 29-31 

Irrigation  ditches,  linings  of  oil-mixed  cement 230  14-15 

Johnson,  W.  T.,  jr.,  and  S.  Henry  Atebs,  bulletin  on  "Pas- 
teurizing milk  in  bottles  and  bottling  hot  milk  pasteuriEed 

inbulk'^ 240  1-27 

Juglans  spp.    See  Walnut. 

Jimiper,  range 232  19 

Junxperua  virginianay  range 232  19 

Kafir- 
corn,  and  milo,  in  Southern  Great  Plains,  bulletin  by 

E.  F.  ChUcott,  W.  D.  Griegs,  and  C.  A.  Burmeister. . .  242  1-20 

growing  by  different  methods,  cost  per  acre  in  Southern 

Great  Plains 242  15-18 

Kala-azar,  transmission  by  fleas,  notes 248  15 

Kansas,  Garden  City,  weather  records,  soils,  etc 242  2-6 

{Q     |0     1^17 
19^24  26* 
29-31 
Kerr,  W.  H.,  and  John  R.  Humphrey,  bulletin  on  "A  sys- 
tem of  accounts  for  farmers'  cooperative  elevators" 236  .1-30 

Kieselguhr.    See  Infusorial  earth. 

Lace  bug- 
eggplant,  bulletin  by  David  E.  Fink 239  1-7 

injury  to  eggplant,  nature 239  1-2 

See  also  EiQ^laiit  lace  bug. 

Lampblack,  nature  and  uses,  note 229  10 

Larcn,  range  and  lumber  output  by  States 232  18 

Larix — 

loriciTia,  range 232  18 

ocddentaliSy  mnge 232  18 

Larkspur  seed,  use  against  fly  larvse  in  horse  manure,  experi- 
ments   245  14 

Larvicides — 

cost  and  efficiency  of  various  kinds  used  against  fly  larvae 

in  horse  manure 245  18-19 

use  a^pnst  fly  larvae  in  horse  manure,  experiments.- 245  1-22 

Lemon  juice,  preparation,  sterilization,  and  concentration, 

experiments 241  15-16 

Leprosv,  transmission  by  fleas,  note 248  16 

Libocearus  decwrrens,  niig^ 232  19 

Lime  chlorid,  use  against  fly  larvse  in  horse  manure,  experi- 
ment   245  6 

Limetree,  wild,  ranffe 232  24 

Lujuidambar  styracijlua,  range  and  lumber  output  by  States . .  232  16 

Liriodendron  tulipifera,  range  and  lumber  output  by  States. .  232  10-17 

Live  stock,  industry  in  Southern  Great  Plains,  outlook .    242  20 

Locust,  range  and  lumber  output 232  27, 29 
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lumber  cut —  No. 

annual,  by  States 234 

190^1911 2M 

lumbering,  m^liuKls.  p, ,,,,,,,,,,,,,,,,,.,,,,, , 234 

occonence  in  Nation^  Fowwibi,  by  States '. .  234 

ownenhip  and  supply , .,,,,,,,,,  234 

producto— 

coet  and  selling  prices,  itemized  products  and  opera- 
tions   234 

sizes  and  contents,  table 234 

range,  and  lumber  output,  by  Statv,. 282 

staad  in  National  Forests 234 

nbstitute  for  cedar  poles,  discussieB , 234 

tmiber,Btrength,comparison  with  other  pinetimber,  table.  234 

uses  for  mine  timbers  and  railway  ties 234 

utilization  and  management  in  the  B#<^  MoumtaiBs, 

bulletin  by  D.  T.  Mason 234 

wood,  characteristics..., 284 

LoNQ,  William  H«  and  Gsobos  H.  Hjspooock,  boUetanon 

''A  disease  of  pines  caused  by  eronartium pyr(/onM*' 247 

LouisiaDa — 

lumber  industry,  sawmills,  output,  kinds  lai  wood,  etc . .  232  j 

strawbory  shipments,  1914 237 

turpentine  industry 229 

Lumber— 

cut  from  minor  species  ef  trees,  by  species 232 

lodaepol^  pine,  annual  output,  1909-1911 234 

mills.    See  Sawmills. 

output,  by  kinds  ol  wood  and  by  classes  of  sawmills,...  282 

tutout,  by  States..... 282 

production — 

in  1913 232 

statistics,  collection,  methods  of  Census  Bureau  and 

Azricultgre  Department 282 

Lumbering, Todgep^e  pine,  methods..., 234 

MaehiBery,  beet  cultivator,  description 238 

Machines,  pasteurizing  mHk  in  bottles,  description  and  opera- 
tion  , 240 

Magnslia,  range  and  lumber  output. , , 232 

Muogany,  sources  and  lumber  output 232 

M^Tim — 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc  . .  232  { 

turpentine  industry 229 

Manure — 

horse,  destruction  of  fly  larvse  in,  experiments,  bulle- 
tin by  F.  C.  Cook,  R.  H.  Hutchison,  and  F.  M.  Scales . .  246 
treatment  with  hellebore  for  fly  larvse,  effect  on  plants 
and  chickens 245 

Maple- 
range  and  lumber  output,  by  States. 232 

species,  range,  and  output 232 

Maryland — 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc . .  232  < 

strawberry  shipments,  1914 237 

tiirpentine  industry 229 

Mason,  D.  T.,  bulletin  on  *^  Utilization  and  n&anagemyent  of 

lodgepole  pine  in  the  Rocky  Mountains  " 234 

Massachusetts — 

gipsy  moth  problem ,  studies  of  food  plants,  experiments . .  250 

92034—17 3 
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14-20 

8 

27 

2 

7 
3 

4 

1-64 
3 

1-20 

7,10,12, 

14,16,21- 

25,29-31 

5,8 

7,8,4<M1,43 

29 
&-6 

6-7 
7-8 

1-32 

1-2 
10-14 

17,18 

7-11 
27.29 
27-29 

8, 12-13, 

15,19-20, 

23. 30-31 

7,8 


1-22 

19-20 

15-16 
15-16 

8, 10, 12, 

17, 19, 29-31 

5,8 

7,8 

1-54 

1-35 
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Massachusettfl — Continued . 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc. 
turpentine  industry . 


Bulletin 
No. 


Pago. 


Mattoon,  Wilbur  R.,  bulletin  on  '*Life  history  of  shortleaf 

pine" 

Michigan — 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc. .. 

turpentine  industry 

Milk- 
bacterial  content,  comparison  in  pasteurizing 

bottles — 

infection,  destruction  in  bottling  hot,  tests 

recommendations  for  bottling  hot  milk 

testing  for  pasteurizing  milk,  directions 

cooling  methoos,  effect  on  milk  bottled  hot,  etc 

cream  line  and  flavor  of  pasteurized 

expansion  under  heat 

pasteurization — 

and  bottling  while  hot,  management 

in  bottles,  method  and  advantages 

pasteurizing  in  bottles  and  bottling  hot  milk  pasteurized 
in  bulk,  bulletin  by  S.  Henry  Ayers  and  W.  T.  John- 
son, jr 

tank  for  pasteurizing  and  bottling  hot  milk,  description . . 
Miller,  John  M.,  bulletin  on  ''Gone  beetles:  Injury  to 

sugar  pine  and  western  yellow  pine' ' 

Milo— 

com,  and  kafir,  in  Southern  Great  Plains,  bulletin  by 
E.  F.  Chilcott,  W.  D.  Gricgs,  and  C.  A.  Burmeister. .. 
growing  bv  different  methods,  cost  per  acre  in  Southern 

Great  Plains 

Mine  timbers — 

consimiption,  kinds  of  wood,  etc 

lodgepole  pine,  use  and  value 


Minnesota,  limiber  industry,  sawmills,  output,  kinds  of  1 
wood,  etc / 

Mirbane  oil,  use  against  fly  larvse  in  horse  manure,  experi- 
ments  

Mississippi,  lumber  industry,  sawmills,  output,  kinds  of  1 
wood,  etc / 

MiEBOuri,  lumber  industry,  sawmills,  output,  kinds  of  wood,  \ 
etc / 

Mockemut  hickory,  note 

Montana,  lumber  industry,  sawmills,  output,  kinds  of  wood,  \ 
etc / 

MOOREFIBLD,  OhARLES  H. — 

and  Jambs  T.  Voshell,  bulletin  on  ''Portland  cement 

concrete  pavements  for  country  roads " 

and  Vernon  M.  Peirce,  bulletin  on  "Vitrified  brick 

pavements  for  country  roads" 

MosHER,  F.  H.,  bulletin  on  "Food  plants  of  the  gipsy  moth 

in  America" 

Moth- 
gipsy.    See  Gipsy  moth. 

Indian-meal,  life  history,  and  egg-produdng  records 

See  also  Indian-meal  moth. 

verbena  bud,  bulletin  by  D.  E.  Fink 

See  also  Verbena  bud  moth. 


232  {    17,  iV-^'-^-' 


229 
244 


29-31 
l-4« 


7,13,16, 

232  \   18-19, 21-23, 

I  24, 29-31 

229  7, » 


240 

240 
240 
240 
240 
240 
240 

240 
240 


240 
240 

243 


242 
212 


13-14 

15-16 

24 

^7 

16-22 

23-24 

24 

11-12 
3-7 


1-27 
11-12 

1-12 


1-20 
12-1& 


234 

4 

234 

4 

7,13,15, 

232 

18-19, 21-22, 

I    25,29-31 

245 

11-12 

7,10, 

232 

12, 14, 16-17, 

21-24, 29-31 

8,10,12, 

232 

14,16,21-24, 

26,29-31 

232 

23 

8,10, 

232 

13-14,18, 
25,27,30-31 

249 

1-34 

246 

1-38 

250 

1-3& 

235 

3-5 

226 

1-7 
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BuUetin 

No.  Page. 

Napfathalene,  use  agaiDst  fleas 248  24,26-27 

Naval  Btores— 

ezportB  and  imports  of  various  countries,  1901-1910 229  6-6 

induatry^— 

bulletin  by  A.  W.  Schoiger  and  H.  S.  Betts 229  1-58 

extent,  production,  exports,  imports,  etc 229  ^-8 

history 229  2-3 

patents  relating  to,  chronological  list 229  56-58 

packing,  directions 229  50-51 

production,  methods,  need  of  improvement 229  1-2 

publications  relating  to,  list 229  53-55 

Kev  Hampshire,  lumber  industry,  sawmills,  output,  kinds  \  oqo  /  8, 13-15, 

<rfwood,etc /  ^^^t  19,25,30-31 

New  Jersey,  lumber  industry,  sawmills,  output,  kinds  of 

wood,etc •  232  8,17,2^-31 

New  Mexico,  lumber  industry,  sawmills,  output,  kinds  of 

wood,  etc 232  8,14,30 

New  York— 

f  8, 12-13, 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc. ..  232  {  1&-17, 19, 

I  21,23,29-31 

turpentine  industry 229  7,8 

Nicotine  sulphate,  use  against  eggplant  lace-bug,  experi- 
ments   239  7 

Nitrobensene,  use  against  fly  larvn  in  horse  manure,  ex- 
periments   245  11-12 

NorOi  Carolina— 

f  7,10,12-14, 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc . .  232  <  16-17, 20-21, 

I  25,29-31 

strawberry  shipments,  1914 237  5,9 

turp^tineindustrv 229  7,8,40,43 

Nf$aa  9pp,    See  Tupelo. 

Oak,  range  and  lumber  output,  by  States 232  11-12,13 

f  8,12,16-17, 

Ohio,  lumber  industry,  sawmills,  output^  kinds  of  wood,  etc . .  232  {  19, 21, 23-24, 

I  26, 29-31 

oa— 

mirbane,  nature,  use  against  fly  larvsa  in  horse  manure, 

experiments 245  11-12 

pennyroyal,  use  as  flea  repellant 248  30 

Oils,  wood-preserving,  tests.... 227  30-31 

Oklahoma,  lumber  industry,  sawmills,  output,  kinds  of 

wood,  etc 232    8,10,22,29-51 

Old  fi^d  pine.    8ee  Shortleaf  pine. 

Orange  juice,  preparation,  sterilization,  and  concentration..  241  16-17 

OrchardiB,  infestation  by  gipsy  moth,  treatment 250  35-36 

Oregon,  lumber  industry,  sawmills,  output,  kinds  of  wood,  1  232  I  13-15  18  20* 

^'"' - /              I  24-25,29-31 

Oxalic  add,  use  against  fly  larvsB  in  horse  manure,  experi- 
ments   245  12 

Ozark  region,  strawberry  shipments,  1914. 237  5,6,8-9 

Pteking,  naval  stores,  directions 229  50-51 

Pagb,  LooAN  Wallbr,  bulletin  on  "Oil-mixed  Portland 

cement  concrete" 230  1-26 

Phints,  use  of  turpentine 229  8 

Paper  pulp,  lodgepole  pine,  value,  use,  and  sources 234  7 

Pua-dichtorobenzme,  use  against  fly  larvae  in  horse  manure, 

experiments , 245  11 

Pabkbr,  William  B..  bulletin  on  "Control  of  dried-fruit 

insects  in  Oalif(»nia^' 235  1-15 

Pteteurizinff  milk  in  bottles  and  botthng  hot  pasteurized 

milk,  bulletin  by  S.  Henry  Ayers  and  W.  T.  Johnson,  jr . .  240  1-27 
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Pavements—  Bulletin 

concrete —  No.  Page. 

durability,  advantages  and  growth  of  demand 249  1*8 

types,  construction  and  requirements 249  1-37 

country  roads,  Portland  cement  concrete,  bulletin  by 

Charles  H.  Moorefield  and  James  T.  Voshell 249  1-34 

vitrified  brick  for  country  roads,  bulletin  by  Vernon  M. 

Peirce  and  Charles  H.  Moorefield 246  1-38 

Peach  juice,  preparation  and  sterilization,  experiments 241  14 

Peadies,  dried,  processing  formula 235  6 

Pear,  dried,  proceasinfi;,  formula 235  6 

Pecan,  range  and  lumber  output 232  28-29 

Pbibce,  Vernok  M.,  and  Charles  H.  Moorefield,  bulle- 
tin on  '^  Vitrified  brick  pavements  for  country  roads " 246  1-38 

f  8  12—18 

Pennsylvania,  lumber  industry,  sawmills,  output,  kinds  of  1  932  J    16-17*  19  21* 

^^'®*^ J  1    23-24,29-31 

Pennyroval,  use  as  fiea  repellant 248  80 

Pepperidge,  range 232  24 

Penderium  pyri/orme — 

control  measures,  suggestions 247  16-19 

distribution 247  8-9 

effect  on  host  plants 247  13-16 

history,  morpnology,  and  comparisons  with  other  spe- 
cies, etc 247  1-20 

Persimmon,  range  and  lumber  output 232  28-29 

Picea  $pp.    See  Spruce. 

Pignut  hickory,  note 232  23 

Pine- 
beetle,  southern,  Lnjiuy  to  shortleaf  pine,  control 244  35-36 

toesle,  management  for  turpentining  industry,  French 

method 229  32-35 

lodgepole,  utilization  and  management  in  the  Rocky 

Mountains,  bulletin  by  D.  T.  Mason 234  1-54 

See  also  Lodgepole  pine. 
'    longleaf — 

gum  yield,  rate  of  exudation 229  12 

resin,  formation  and  fiow 229  10-12 

Bupply  for  t\un;>entine  operations,  distribution,  and 

number  years  available 229  40-43 

lumber,  output  by  varieties  and  by  States 232    9-10, 12-13, 14 

range  and  lumber  output,  by  States 232  9-13,27 

sawyer,  southern,  injury  to  cut  pine  timber,  control 244  36 

destruction  by  mammals 244  36 

injiuy  by  cone  beetle,  relation  to  damage  by  squir- 
rels   243  6-8 

losses  from  cone  beetles 243  6 

shortleaf.    See  Shortleaf  pine, 
timber — 

destruction  by  fire,  relation  of  turpentining 229  25-26 

effect  of  turpentining 229  25-27 

tree,  resin  production,  formation  and  flow t 229  10-12 

western- 
source  of  naval  stores,  experiments,  discussion,  etc.  229  44-49 

yellow,  turpentining  experiments  and  outlook 229  44-49 

Pineapple  juice,  preparation,  sterilization,  and  concentra- 
tion, experiments 241  13-14 

Pines- 
disease  caused  by  cronartium  pyrifofrme,  bulletin  by 

Greorge  G.  Hedgcock  and  Wiluam  H.  Long 247  1-20 

distribution  of  eight  species 244  2-3 

sugar  dnd  western  yellow,  injury  by  cone  beetles,  bulle-, 

tin  by  John  M.  Miller 243  1-12 

yield  of  gum,  comparison  of  longleaf  pine  and  western 

yellow  pine 229  44-46 

Pine-tip  moth,  Nantucket,  injury  to  shortleaf  pine 244  36 
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Knoline,  nature  and  uses,  note 

Pinii*— 

ccmtorta.    See  Lodgepole  pine. 
edunaia.    See  Shoraeaf  pine. 

Uanbertiana,  range,  and  lumber  output  by  States 

<pp.  ranges 

Flague,  Bubonic.    See  Bubonic  pla^e. 

Platamu  ooddentaUs,  range  and  lumber  output  by  States. . . 

PlodiainterpuneUUa.    ;$««  Indian-meal  moth. 

Pole  timber,  lodgepole  pine,  use  and  value 

Poles,  telephone,  cost  of  treated  lodgepole  pine,  comparison 
with  untreated  Western  pine  and  cedar * 

PoJyponu— 

sdiweinitzii,  injury  to  shortleaf  pine 

wtdphureus,  injury  to  shc^leaf  pine 

Poplar,  yellow,  range  and  lumber  output  by  States 

Popple,  lange 

Pojnthu  spp.    See  Cottonwood. 

Porthetia  aispar.    See  Gipsy  moth. 

Portland  cement  concrete — 

oil-mixed, 'bulletin  by  Logan  Waller  Page 230 

pavements  for  country  roads,  bulletin  by  Charles  H. 
Moorefield  and  James  T.  Voshell 249 

Posts,  lodgepole  pine,  treatment  and  value 234 

Poultry- 
hosts  of  sticktifi^t  flea,  injury  and  treatment 248 

infestation  wim  flea,  treatment 248 

Preservatives,  wood,  oils,  and  salts,  toxicity  to  fungi,  bul- 
letin by  C.  J .  Humphrey  and  Ruth  M.  Fleming 226 

Prunes,  oried,  processing,  directions  and  formula 236 

Pseudotsuaa  taxifolia,  lumber  output,  by  States 232 

^eeoMoFir. 

PuUx  vriians.    See  Flea,  human. 

Pulp,  paper,  lodgepole  pine,  value,  use,  and  sources 234 

Pyridine— 

nature  and  cost 246 

use  against  fly  larvse  in  horse  manure,  experiments 245 

Qttercu$9pp.  ranges 232 

Baiaina,  processing,  formula 236 

Ra^beiry  juice,  preparation,  sterilization,  and  concentra- 
tion, experiments 241 

Rat  flea,  Indian — 

life  cycle  and  longevity 248 

occurrence,  transmission  of  Bubonic  plague,  etc 248 

Rats,  economic  considerations 248 

"Redheart,"  shortleaf  pine- 
cause  and  nature 244 

infection,  cause  and  prevalence 244 

Redwood,  range  and  lumber  output 232 

Reforestation,  lodgepole  pine  areas,  methods 234 

Resin- 
distillation,  principles 229 

ouality  from  boxed  and  cupped  timber,  comparison 229 

Rhode  Island,  lumber  industry,  sawmills,  output,  kinds  of 

wood,  etc... 232 

Road- 
concrete — 

construction,  organization,  and  equipment 249 

cost  of  equipment  and  work,  items 249 

paving  with  concrete,  typical  specifications 249 

Boaobed,  preparation  for  brick  pavement,  directions 246 


Baltodn 
No. 

229 

rage, 
10 

232 
232 

24 
9-10,12,14 

232 

26 

234 

,      6 

234 

6 

244 
244 
232 
232 

36-37 

36-37 

16-17 

22 

1-26 

1-34 
6-7 

19-21 
23-24 

1-88 

6 

10 


12 
12-13 

11 

6 

12-13 

7,8 

13-14 

16 

36-37 

37-38 

17 

39-46 

12-14 
27 

8, 30-31 


19-26 

21-27 

30-34 

8-9, 11-14 
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Roads—  BuUetin 

brick—  No.  Page. 

alternate  specifications , 246  29-81 

construction,  directions 246  8-19 

typical  specifications 246  22-29 

brick-paved,  advantages  and  objections 246  1-2 

concrete — 

cost  and  maintenance 249  26-29 

materials  and,  construction 249  3-18 

materials,  requirements  and  selection 249  3-7 

country — 

Portland  cement  concrete  as  pavements  for,  bulletin 

by  Charles  H.  Moorefield  and  James  T.  Voshell. . .  249  1-34 
vitrified  brick  pavements,  bulletin  by  Vernon  M. 

Peirce  and  Charles  H.  Moorefield 246  1-38 

surfacing  for  concrete  pavement,  materials 249  3-7 

Roadways,  oil-mixed  concrete  base,  value 230  16 

Rocky  Mountains,  lodgepole  pine,  utilization  and  manage- 
ment, bulletin  by  D.  T.  Mason 234  1-64 

Roof  slabs,  use  of  oil-mixed  cement,  note 230  14 

Rosemary  pine.    See  Shortleaf  pine. 
Rosin — 

commercial  utilization 229  9 

distillation  products,  nature  and  uses 229  10 

exports — 

by  States,  1860-1900 229  7-8 

1860-1913 229  7 

with  imports,  various  countries,  1901-1910 229  6-6 

spirit,  nature,  and  uses,  note : 229  10 

See  also  Naval  stores. 

Rubber,  industry,  use  of  turpentine,  note 229  8 

Russia,  sugar  beets,  acreage  and  production 238  2 

Sand,  quartz,  granulometric  analysis 249  7 

"Sap  gum"  lumber,  use  of  term 232  16 

Sapwood  antiseptic,  formula,  toxicity  to  fungi,  tests 227  20 

Sawmills- 
number  and  output 232  6-8 

output,  by  classes  and  by  kinds  of  wood 232  6-7 

Scales,  F.  M.,  F.  C.  Cook,  and  R.  H.  Hutchison,  bulletin 
on  "Further  experiments  in  the  destruction  of  fly  larvae 
in  horse  manure^ 246  1-22 

ScHLEussNER,  O.  W.,  Wblls  A.  Shbrman,  and  Houston  F. 
Walker,  bulletin  on  "Strawberry  supply  and  distribu- 
tion in  1914" 237  1-10 

Schoroeb,  a.  W.,  and  H.  S.  Betts,  bulletin  on  "The  naval 
stores  industry" 229  1-58 

"Scrape, "  turpentining,  use  of  term,  amount  formed  by  dif-  ^ 
.ferent  systems,  etc 229  17-18, 2^-24, 36 

Sequoia — 

sem-Dervirens,  range  and  lumber  output 232  17 

waenmgtaniana,  notQ 232  17 

Shade  trees,  menace  by  gipsy  moth  in  Massachusetts,  sugges- 
tions          260  36 

Shagbark  hickory,  note 232  23 

Shales,  nature,  and  use  for  paving  brick 246  2-3 

Shantz,  H.  L.,  and  Ltman  J.  Brigos,  bulletin  on  "Effect 
of  frequent  cutting  on  the  water  requirements  of  al&ilfa 
and  its  bearing  on  pastiUBge" 228  1-6 

Shaw,  Harry  B.,  bulletin  on  "Sugar  beets:  Preventable 
losses  in  culture" 238  1-21 

Shellbark  hickory,  note 232  23 

Sherman,  Wells  A.,  Houston  F.  Walker,  and  O.  W. 
ScHLEUSSNER,  bulletin  on  "Strawberry  supply  and  distri- 
bution in  1914" 237  1-10 
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Sliortleai  pine—  ^o. 

enemies 244 

fnngi  injuiiouA,  description  and  nature  of  damage 244 

growth  habits,  soil,  and  climatic  requirements 244 

mjnry  from  wind  and  li^tning 244 

life  history,  bulletin  by  Wilbur  H.  Mattoon 244 

range,  ged^ohic  and  economic 244 

reproduction  nabits,  studies 244 

seed,  description,  production,  and  characteristics 244 

q>rout  reproduction,  causes  and  charact^stics 244 

sUnds,  character 244 

stands  injury  &t>m  storms,  recovery,  etc 244 

teees,  volume  of  saw  timber  based  on  age,  table 244 

3ridd,  factors  influencing 244 

variant  names 244 

**S*e"roffln,  nature  and  uses 229 

SoM>,  rosin,  nature  and  uses 229 

Somum  fluorid — 

toxicity  to  fungi,  tests 227 

use  in  flea-infested  rooms 248 

Sois^ums,  saccharine,  value  for  Southern  Great  Plains 242 

Soar  tupelo.  range 232 

Soath  Carolina — 

lumb^  industry,  sawmills,  output,  kind  of  wood,  etc . . .  232 

tumeniine  industry 229 

South  Dakota,  lumber  industry,  sawmills,  output,  kinds  of 

wood,  etc 232 

Southern  pine  beetle,  injury  to  short-leaf  pine,  control 244 

^ffays — 

use  against  eggplant  lace-bug,  tests 239 

verbena  bud  moth,  control 226 

%>ruce — 

pine.    See  Short-leaf  pine. 

species  and  range  output 232 

Squirrels,  damage  to  pine  seed  crop,  relation  to  damage  by 

cone  l^eetlee,  discunion 243 

Stickti^t  flear— 

colloquial  names 248 

description,  habits,  and  control 248 

hosts * 248 

Stills,  turpentine,  comparison  of  direct  and  steam-heated 229 

Storms,  ice,  effect  on  pine  stands 244 

Stramonium,  use  against  fly  larvae  in  horse  manure,  experi- 
ments   245 

Strawberries,  supply  and  distribution,  1914,  bulletin  by 
Wells  A.  Sh«inan,  Houston  F.  Walker,  and    0.   W. 

Schleussner 237 

Strawberry — 

crop,  survey,  importance  and  work 237 

districts,  smpping  seasons,  carloads,  etc 237 

juice,  preparation,  sterilization  and  concentration,  ex- 
periments.   241 

shipments^ 

carloads,  by  States 237 

in  1914,  places  where  produced,  dates,  etc.,  m^>. . .  237 

Stucco,  use  of  oil-noxed  cement  concrete,  value 230 

Sugar  beet.    See  Beets,  susar. 

Sugar  pine,  range  and  lumber  output,  by  States 232 

Sucarberry,  range  and  lumber  ou^ut 232 

fumes,  use  against  fleas,  note.. 248 

use  on  dried  fruits,  value 235 

Sulphuric  add,  use  against  fly  larvae  in  horse  manure,  experi- 
ments   245 

Swamp  hellebore.    See  Hellebore. 

Sycamore,  range  and  lumber  output  by  States 232 


Pact. 

34-39 

36-^ 

7-18, 21-^ 

38-39 

1 

2-8 

1-28 

19-20 

20-28 

4-« 

3^-34 

31 

39-46 

1 

9 

9 

19-20 
28 
19 
24 

8,10,12,14. 

16-17, 25, 29, 

30,32 

7,8,40,v48 

8,30 
35-36 

7 
6 


15 

6-8 

19 
19-21,23-31 

20 
39-40 
32-34 

14 


1-10 

1-2 
4-5 

9-10 

6-10 

2-4 

14 

24 
28-29 

27 
6-7 

6 

26 


Digiti 


zed  by  Google 


16 


DEPARTMENT  OF  AGRICULTURE  BULS.   226-260. 


Bulletin 

No. 

Page. 

232 

18 

248 

16 

227 

24-25 

248 

12 

232 

14 

2-6 

7, 10, 12,  16, 

22-23, 29-30, 

32 


19 
19 


Tamarack,  range,  and  lumber  output  by  States 

Tapeworms,  transmission  by  fleas,  note 

Tar  distillates,  formulas,  toxicity  to  fungi,  tests 

'^Tarbagan,''  transmission  of  bubonic  plague,  instance 

Taxodium  distichum,  range  and  lumber  output 

Tennessee  — 

r     8, 10, 12-14, 

lumbOr  industry,  sawmills,  output,  kinds  of  wood,  etc . .         232  <    16-17, 19-24, 

I    26,29-30,32 

strawberry  shipments,  1914 237  5,9-10 

Texas— 

Delhart  and  Amaiillo,  weather  records,  soils,  etc 242 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc . .         232 

*  *  Third  party  flea. "    See  Sticktight  flea. 

Thuja— 

occidentalism  range 232 

plicata,  range 232 

Thurberia — 

bolls,  host  of  cotton  boll  weevil,  studies 231 

plant,  description,  occurrence  and  distribution 233 

thespesioideSj  development  and  growth  at  different  local- 
ities   231 

See  also  Thurberia  plant. 

Tilia  spp.    See  Basswood. 

Timber— 

fire-killed,  nature  and  value  of  lodgepole  pine 234 

purchase  from  National  Forests,  opportumties 232 

volume  tables  for  lodgepole  pine 234 

Trametes  piniy  injury  to  short-lew  pine 244 

Trees,  volume  tables  for  lodgepole  pine 234 

Trough,  watering,  use  of  oil-nuxed  cement  concrete,  value . .  230 

Trypanosoma  leivisi.    See  Rat  flea. 

Tsuga,  spp.    See  Hemlock. 

Tuhp  poplar,  range  and  lumber  output  by  States 232 

Tupelo,  species,  range,  and  output 232 

Turpentine — 

conmiercial  utilization 229 

exports 229 

exports  and  imports  of  various  countries,  1901-1910 229 

production,  number  of  establishments,  quantity,  and 

value,  1810-1913 229 

use  in  manufacture  of  print  goods 229 

yield  per  crop  in  various  States 229 

See  also  Naval  stores. 

Turpentining — 

box  system,  operation,  practices 229 

chipping,  height,  frequency,  size  of  faces,  etc 229 

commercial  methods 229 

cup  system,  operation,  pactices 229 

cup-and-gutter  system 229 

damage  to  timber 229 

depth  of  cut,  relation  to  yield  of  resin 229 

French  methods 229 

operations,  cost  estimates,  items 229 

systems,  comparison 229 

western  yellow  pine,  suggestions  for  specifications 229 

Two-leaf  pine.    See  Short-leaf  pine. 

Ulmus  spp.    See  Elm. 

Utah,  lumber  industry,  sawmills,  output,  kinds  of  wood ,  etc . .         232         8, 27, 30, 32 


33-34 
1,2-4 

33 


Cover,  page  4 
49-54 

37 
49-54 

12 


16-17 
24-25 

8 
7-8 
5-6 

6 

8 

43 


14-18 
11-12 
14-22 
18-22 
32-35 
40 
11 
32-35 
51-52 
22-24 
49-50 


Digiti 


zed  by  Google 


INDEX. 


17 


BuUetin 

No.  Page. 

Yamiahes,  claases 229  8 

Vavtrum — 

atta,  note 245  17 

vtridSf ,  note 245  27 

Verbena — 
bud  moth — 

bibliography 226  7 

buUe&byD.  E.  Fink 226  1-7 

description,  life  history,  and  control 226  3-6 

distribution  and  food  plants 226  2 

plants,  treatment  for  control  of  bud  moth 226  6 

Vennont,  lumber  industry,  sawmills,  output,  kinds  of  wood,  \  oqo  /8,14-17,19,21, 

etc /  ^^  t  25,29-30,32 

Virginia — 

f  7,10,12,16- 

lumber  industry,  sawmills,  output,  kinds  of  wood,  etc. . .  232  {  17, 20-21, 25, 

I  29,31-32 

strawberry  shipments,  1914 237  5,10 

Vitrified  brick  pavements  for  country  roads,  bulletin  by 

Vernon  H.  Peirce  and  Charles  H.  Moorefield 246  1-38 

VosHELL,  James  T.,  and  Chablss  H.  Moorefield,  bulletin 
on  "Portland  cement  concrete  pavements  for  coimtry 

roads" 249  1-34 

Walker,  Houston  F.,  Wells  A.  Sherman,  and  O.  W. 
ScHLEUssNER,  bulletin  on  '*  Strawberry  supply  and  dis- 

teibutioninl914" 237  1-10 

Walnut,  lumber,  range  and  output,  b)r  States 232  26 

Washington,  lumber  industry,  sawmills,  output,  kinds  of  \    ^  qqo  /  7,10,13-15, 

wood,  etc /  "^^  \  20,25,29-32 

Watei-- 

gom.range 232  24 

requirements  of  plants,  publications  of  Department,  list. .  228  6  ^ 
Weevil,  wild-cotton — 

Arizona,  relation  to  cotton  planting  in  the  arid  West, 

bulletin  by  B.  R.  Coad 233  1-12 

comparison  with  cotton  boll  weevil 233  5-6 

dama|[e  to  cotton,  nature,  and  food  preferences 233  7-8 

description  of  various  stages 233  7 

life  history  on  Thurberia 233  5-7 

See  alio  Weevil,  cotton. 

West  Virginia,  lumber  industry,  sawmills,  output,  kinds  of  \  oao  J  in  oi  oo_ol 

^^^^'<^ • /  ""'  ''''29f3lf3'2 

White- 
fir,  lumber  output,  by  States 232  25 

wood,  range  and  lumber  output  by  States 232  16-17 

Willow,  black,  range  and  lumber  output 232  27, 29 

Wisconsin,  lumber  industry,  sawmills,  output,  kinds  of  \  n^n  /7,12-13,16,18- 

wood,  etc /  ^^  \21,23,29,31-32 

Wood  preservatives — 

list,  toxicity  to  f  un^ -. 227  32-35 

oils  and  salts,  toxicity  to  fungi,  bulletin  by  C.  J.Hum- 
phrey and  Ruth  M.  Fleming 227  1-38 

tests  of  toxicity  to  fungi,  discussion,  etc 227  11-36 

Wyoming,  lumber  mdustry,  sawmills,  output,  kinds  of  "Wood, 

etc 232  8,27,31 

Yellow  pine.    See  Short-leaf  pine. 

Yellow-pine  cone  beetles,  damage  to  yellow-pine  seed  crop.  .243  16 

Zinc  chlorid,  toxicity  to  fungi,  tests 227  20 

o 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


ft/»  0,^^(0 


BULLETIN    OF  THE 

USMMNIOfAOTM 

No.  226 

ontiibatioD  from  tbe  Bareaa  ol  Entomology,  L.  O.  Howard,  Qi 
May  27.  1915. 


PROFESSIONAL  PAPER. 

THE  VERBENA  BUD  MOTH. 

By  D.  E.  Fink, 
Bntomoloffical  Assistanlj  Tmck  Crop  ^  and  Stored  Product  Insect  Investigations, 

(In  oooperation  witli  ffae  Virginia  Tiruck  Experiment  Station,  Norfolk,  Va.) 
CONTENTS. 


Page. 

IntroducHon  and  history 1 

Name  and  synooymy 2 

Distribution. 2 

Food]riants 2 


Page. 

Description. 3 

Habits  and  seasonal  history 4 

liethods  of  control 6 

Bibliography 7 


INTRODUCTION  AND  mSTORT. 

During  the  fall  of  1913  a  bed  of  ornamental  snapdragon  (Antirrhi- 
num) at  the  Virginia  truck  experiment  station,  Norfolk,  Va.,  was 
found  to  be  infested  by  the  larv»  of  a  bud  moth.  The  adults  were 
reared  and  identified  as  Olethrevies  hehesana  Walk.,  or  the  verbena 
bud  moth.  Although  long  ago  recognized  as  injurious  to  certain 
ornamentals,  it  appears  that  no  attempt  had  been  made  to  determine 
its  life  history,^  with  the  exception  of  a  short  note  regarding  the  habits 
of  the  larva  and  a  description  of  the  different  stages.  Since  1868,  at 
which  date  it  was  fully  described,  an  interval  of  over  46  years  has 
elapsed  and  but  little  has  been  published  concerning  it. 

The  first  intimation  we  have  of  this  insect  as  a  pest  occurs  in  a 
letter  by  A.  S.  Fuller,  forwarded  in  1868  with  specimens  to  C.  V.  Riley, 
then  State  entomologist  of  Missouri.  Riley  reared  the  adults  from 
the  seeds  of  Tigridia  and  later  identified  the  moth  as  an  undescribed 
species  belonging  to  the  tortricid  genus  Penthina.  In  honor  of  the 
discoverer  Riley  named  the  species /t^H^rea.  At  about  the  same  time 
two  other  workers  independently  discovered  the  same  insect  doing 
injury  to  flowering  plants.     Mrs.  Mary  Treat  found  it  exceedingly 

^  This  term  is  used  in  its  broadest  sense  and  includes  all  vegetables,  and  in  addition  ornamental 
{tlaats.— F.  H.  c. 

Note.— This  bulletin  gives  the  life  history  of  the  verbena  bud  moth,  its  food  plants,  and  methods 
liar  its  control. 
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injurious  to  verbena  and  sent  specimens  to  Riley  for  identification, 
while  Miss  M.  E.  Murtfeldt  found  the  insect  injuring  Antirrhinum  at 
Kirkwood,  Mo. 

The  species  was  later  observed  and  collected  by  entomologists  in 
various  sections  of  the  country,  and  notices  to  that  effect  appear 
scattered  through  our  literature. 

NAME  AND  SYNONYMY. 

Popularly  this  moth  has  only  one  name,  the  '*  verbena  bud  moth," 
given  it  by  Mrs.  Mary  Treat  in  1869  from  the  plant  upon  which  it  was 
found  feeding.  Scientifically,  however,  it  has  in  its  brief  history 
been  known  by  several  names  and  has  been  shifted  from  one  genus  to 
another.  Both  Femald  and  Walsingham  have  listed  the  species  under 
the  genus  Penthina.  Later  it  has  been  listed  by  H.  G.  Dyar  and  J.  B. 
Smith  imder  the  genus  Olethreutes.  As  it  now  stands  we  have  the 
following  synonymy: 


Olethreutes  hehesana  Walk.,  Dyar,  1902. 
SdaphUa  heheaana  Walk.,  1863. 
Carpocapsa  inexpertana  Walk.,  1863. 


Sericoris  fosdana  Clem.,  1865. 
Penthina  fullerea  Riley,  1868. 
Penthina  hebesana  Wlam.,  1879. 


DISTRTOUnON. 

Apparently  the  verbena  bud  moth  is  distributed  locally  at  least 

through  the  eastern  part  of  the  United  States.     It  is  evidently  a 

native  American  species  and  has  been  collected  and  found  injurious 

in  Maine,  Massachusetts,   New  York,   New  Jersey,   Pennsylvania, 

Virginia,  Texas,  Kansas,  Indiana,  and  Cahfomia,  and  is  also  reported 

from  Canada. 

FOOD  PLANTS. 

So  far  as  known  this  species  has  confined  its  injuries  solely  to 
flowering  plants.  It  has  been  reared  from  and  foui^d  injurious  on 
the  following  food  plants:  Tiger  flower  (Tigridia  pavonia),  snap- 
dragon (Antirrhinum  spp."),  flag  (Iris  spp.),  hedge  nettle  (Stachys 
palustris)^  mullein  (Verhascum  tJiapsus),  verbena  (Verbena  spp.), 
closed  gentian  (Gentiana  andrewsii),  false  foxglove  (DasysUmiaJlava). 

According  to  the  records  in  the  Bm-eau  of  Entomology  it  has  several 
times  been  reared  from  the  stems  of  Tigridia  pavonia  and  was  in- 
jurious to  verbenas  on  the  Department  of  Agriculture  grounds  in 
Washington,  where  it  fed  upon  the  flower  heads,  webbing  a  number 
of  seed  capsules  together  to  feed  upon  the  young  and  imdevelop^ed 
seeds.  The  heads  of  verbena  are  probably  not  its  natm^al  habitat^ 
since  it  is  necessary  to  web  them  together.  Among  other  food  plants 
in  the  records  of  the  Bureau  of  Entomology  are  the  closed  gentictn 
(Gentiana  andrewsii)  and  false  foxglove  (Dasystoma  Jlava) .  It  has 
been  foimd  to  feed  m  the  dry  seed  pods  of  both  these  species,  which 
may  be  included  among  its  wild  food  plants. 
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THE  MOTH. 

Mr.  C.  H.  Popenoe  found  the  pods  of  mullein  literally  peppered  by 
the  work  of  this  insect  in  Kansas  and  Indiana  and  streets  that 
mullein  was  probably  the  original  food  plant. 

DESCRIPTION. 

The  adult  of  Olethreates  Jiehesana  is  a  small  dark-brown  moth  (PI. 
I,  h)  of  the  usual  tortricid  type,  with  a  wing  expanse  of  about  one- 
htil  inch.  A  technical  description,  including  the  markings,  from 
specimens  before  the  writer,  follows: 

Alar  ex])aiise,  0.50  inch;  length,  0.23  inch.  Head  with  buff-brown  tufts;  eyee  and 
palpi  at  apices  somewhat  darker,  antennse  short  (one-third  length  of  forewing), 
filifonn  and  simple  in  both  sexes.  Thorax  with  the  shoulder  pieces  and  dorsal  tuft 
imifarm  buff-brown.  Abdomen  more  gray.  Forewings  silvery  gray,  with  metallic 
blue  reflections  more  or  less  intense;  the  lighter  parts  cameous,  with  a  silvery  luster; 
and  tJie  whole  intricately  shaded  with  dark  vandyke  brown.  The  light  is  mostly 
reflected  from  the  beautifully  marked  edges  of  the  scales,  which  are  transversely  imbi- 
cated.  There  are  three  principal  dark-brown  marks,  namely,  one  broad  and  irregu- 
lar, crossing  the  wing  a  little  beyond  the  middle  and  containing  a  more  or  less  com- 
plete pole  ring  on  the  posterior  border  just  within  the  anterior  median  cell;  another, 
Bubobeolete,  opposite,  on  its  inner  border.  Between  this  transverse  band  an*d  the 
base  is  a  smaUer,  irr^:ular,  brown  mark,  .not  extending  to  the  inner  margin,  and 
between  the  pale  ring  above  described  and  the  apex  of  the  wing  a  third  conspicuous 
brown  mark,  not  extending  more  than  one-third  the  width  of  the  wing.  Each  of  these 
dark  marks  is  relieved  by  a  pale  border,  and  between  them  the  brown,  blue,  and  flesh 
color  are  intricately  mixed.  Apex  of  wing  rounded;  posterior  border  dark,  with  a 
series  of  eig^t  or  nine  more  or  less  distinct  rust-brown  angular  spots,  just  inside,  the 
two  largest  being  costal ;  fringes  dark  brown,  with  a  deep-blue  gloss.  Hind  wings  light 
brown,  this  color  becoming  deeper  around  the  posterior  margin;  fringes  lighter. 
Whole  undefsurfau^  of  a  uniform  leaden  brown,  that  of  forewings  somewhat  darkest 
tnd  showing  costal  marks.  No  sexual  difference  is  noted  except  in  the  narrower  and 
lees  pointed  male  abdomen. 

Following  are  the  original  descriptions  of  the  larva  and  pupa,  from 
the  writings  of  Dr.  C.  V.  Riley: 

THE  LARVA. 

PenihtTia  FuUerea. — Average  length  exactly  half  an  inch;  general  color  of  a  uniform 
dirty  cameous,  frequently  inclining  to  yellow  and  to  green;  two  wrinkles  on  each 
segment;  bead  jet-black,  without  a  spot  or  shade;  cervical  shield  also  black,  and 
occupying  the  whole  surfeice  of  segment  one;  piliferous  spots  in  the  normal  position, 
bat  scarcely  observable,  even  with  a  lens,  other  than  by  the  hairs  proceeding  from 
them;  feet,  legs,  and  venter  of  the  same  color  as  upper  surface.    (Fig.  1.) 

THE  PUPA. 

Thechry9alis  (PI.  I,  e). — ^Average  length,  0.25  inch;  of  the  usual  form,  with  a  dis- 
tinct row  of  teeth  above,  on  the  anterior  portion  of  each  segment,  and  a  few  minute 
biisUee  at  the  extremity  and  along  the  sides.  It  is  formed  within  a  silken  cocoon, 
constructed  in  one  of  the  three  tubes  of  the  seed,  and  forces  itself  halfway  out  at  one 
ade  when  the  moth  is  about  to  emerge.    (PI.  II,  h;  PI.  III.) 
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THE  EGG. 

The  egg  and  newly  hatched  larva  have  not  heretofore  been  de- 
scribed.    The  author's  description  of  the  egg  follows: 

The  egg. — ^The  egg  is  oval  with  the  outline  somewhat  irregular;  long  diameter,  0.45 
mm.,  shorter  diameter,  0.30.  It  appears  flat  below,  with  the  upper  surface  hemi- 
spherical, pitted  and  also  granulated.  In  color  it  is  usually  whitish  or  light  cream  and 
readily  distinguishable,  particularly  when  deposited  on  green  sepals.  Later  the  eggs 
invariably  turn  slightly  reddish,  some  before  hatching  taking  on  a  grayish  hue. 


Pio.  1  .—The  verbena  bud  moth:  1 .  Larva,  ventral  view;  i,  larva,  lateral  view, 
greatly  enlarged.  (Original.) 

The  eggs  are  deposited  singly  or  sometimes  in  groups  of  from  three 
to  five  on  sepals  of  flower  buds,  or  along  the  upper  part  of  the  tender 
flower  stalk,  and  hatch  in  from  7  to  10  days.     (PI.  I,  c,  d,) 

HABITS  AND  SEASONAL  HISTORY. 

In  the  vicinity  of  Norfolk,  Va.,  and  on  the  grounds  of  the  Virginia 
Truck  Experiment  Station  the  adults  of  the  verbena  bud  moth,  in 
1913,  began  to  issue  on  or  about  the  last  week  in  March.     These  were 


Digiti 


zed  by  Google 


Bui.  226.  U.  S.  Dept.  of  Agriculture.  PLATE   I 


a,  Moths  Ovipositing  on  Antirrhinum;  &,  Female  Moth,  Enlarged;  c,  Eggs  on 
Buds,  about  Natural  Size;  ef,  Eggs,  Enlarged;  e,  Pupa,  Enlarged.    (Original.) 

THE    VERBENA    BUD    MOTH    (OLETHREUTES    HEBESANA). 


joogle 
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a,  Flower-Stalk  Showing  Drooping  Caused  by  Attack  of  Larv/e,  Natural 
Size;  6,  Seed  Capsules  Showing  Pupal  Cases,  and  Method  of  Emergence  of 
Moth,  Enlarged.    (Original.) 

WORK    OF    THE    VERBENA    BUD    MOTH    ON    ANTIRRHINUM. 

uigiiizeu  uy  'n^j  vy  v^pt  ln^ 
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PLATE  III. 


Seed  Caf»sules  of  Antirrhinum  which  have  been  Attacked  by  Larv/e 
OF  Verbena  Bud  Moth.  Empty  Pupal  Cases  Extruded.   (Original.) 

WORK    OF    THE    VERBENA    BUD    MOTH. 
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the  progeny  of  overwintering  pupse.  On  March  30  moths  were  ob- 
served flying  about  a  bed  of  snapdragon  that  had  been  severely  in- 
fested the  previous  sununer.  At  this  date  the  flower  buds  of  snap- 
dragons were  nearly  ready  to  open. 

The  moths  dart  swiftly  from  plant  to  plant,  but  during  bright  days 
lemiun  concealed  among  the  plants.  Being  of  a  dark  color  and  very 
small  they  are  inconspicuous  and  not  readily  seen  without  close  in- 
spection. (PI.  I,  a.)  In  the  late  afternoon  or  when  the  plants  are 
disturbed  the  moths  become  active. 

Oviposition  occurs  several  days  after  emergence.  On  April  2  and 
3  egg  laying  was  observed  on  the  flower  buds.  The  moths  invariably 
seek  tender  flower  shoots  upon  which  to  oviposit,  but  according  to 
observation  prefer  the  sepals  of  flower  buds,  particularly  those  sit- 
uated high  up  on  the  plant. 

The  larvae  as  they  emerge  from  the  eggshells  feed  on  the  tender 
sepals  and  petals  or  on  the  flower  stalk.  At  this  time  it  is  diflBcult  to 
locate  them.  After  feeding  for  a  while  they  become  more  active  and 
then  direct  their  attacks  indiscriminately.  Some  larvae  feed  on  the 
sepals  and  then  bore  through  them,  entering  the  flower  and  attack- 
ing the  ovary.  Others  feed  on  the  petals,  stamens,  and  pistils  of  the 
flowers,  finidly  reaching  the  ovaries.  The  flower  stalk  may  be 
attacked  by  the  larvae,  which  first  mine  beneath  the  epidermis  and 
feed  on  the  juices.  Later  they  may  bore  into  the  center  of  the 
stalk.  (PI.  II,  a.)  They  thus  give  the  impression  of  being  able  to 
adapt  themselves  to  many  modes  of  feeding.  The  seed  capsules 
formed  by  flowers  which  have  escaped  the  ravages  of  the  newly 
hatched  larvae  are  later  vigorously  attacked  by  those  half  grown. 
(PL  in.)  The  larvae  that  bore  into  the  seed  capsules  continue  to 
feed  on  the  seed  within,  going  from  one  seed  capside  to  another, 
until  they  have  attained  their  growth.  The  capsules  thus  attacked 
are  easily  recognized  by  the  small  orifices  at  the  base  or  side  and 
by  the  excremental  castings  on  the  surface.  In  many  instances  two 
such  capsides  are  webbed  together  by  larvae  migrating  from  one 
capsule  to  another.  The  larvae  are  easily  alarmed  and  when  dis- 
turbed have  the  interesting  habit  of  thrusting  out  their  heads,  and 
sometimes  in  their  alarm  they  wriggle  out  completely,  dropping  to 
the  ground. 

Under  laboratory  conditions  the  life  cycle  occupies  43  days,  as 
follows: 

Egg  depoedted  March  2,  1913 Egg  state,  8  days. 

Larvse  hatched  March  10,  1913 Larval  state,  21  days. 

Pupated  March  31,  1913 Pupal  state,  14  days. 

Adult  April  14,  1913 Life  cycle,  43  days. 
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Less  time  is  required  during  wann  weather,  as  the  foflowing  wiD 
show: 

Eggs  deposited  July  7,  1913 Egg  state,  7  days. 

Larvce  hatched  July  14,  1913 Larval  state,  16  days. 

Pupated  July  31,  1913 Pupal  state,  12  days. 

Adult  August  12,  1913 Life  cycle,  34  days. 

In  the  vicinity  of  Norfolk,  Va.,  at  least  five  or  six  generations  are 
produced  each  year.  This  with  the  voracious  and  indiscriminate 
habit  of'  f eedii^  renders  the  species  a  very  obnoxious  pest  when  once 
it  has  obtained  a  foothold  in  a  locality.  This  is  particularly  true 
where  the  production  of  seed  is  an  object,  since  plants  infested  by 
this  insect  become  worthless. 

Besides  undergoing  all  transformation  within  the  seed  capsule,  the 
larvffi  hibernate  within  this  protection.  During  the  winter  larvae  in 
every  stage  of  development,  as  well  as  pupae,  were  found  concealed 
in  the  seed  capsules. 

METHODS  OP  CONTROL, 

Two  methods  of  control  were  found  effective  against  the  larvae  of 
the  verbena  bud  moth:  (1)  Poison  spraying  against  the  young  larvae, 
and  (2)  cutting  back  and  destroying  infested  stalks. 

SPBAYING. 

Two  poisons  were  employed  in  the  spraying  experiments. 

(a)  Arsenate  of  lead,  2  pounds  to  50  gallons  of  water. 

Fiah-oil  soap,  2  pounds  to  50  gallons  of  water. 
(6)  Arsenite  of  zinc,  IJ  pounds  to  50  gallons  of  water. 

Fish-oil  soap,  2  pounds  to  50  gallons  of  water. 

The  spraying  was  done  as  soon  as  the  larvae  began  to  hatch  and 
was  directed  toward  the  flower  buds  and  young  flower  stalks.  Sub- 
sequent investigation  developed  that  from  85  to  90  per  cent  of  the 
larvae  had  been  killed.  A  second  spraying  followed  eight  days  later, 
owing  to  the  fact  that  after  the  first  spraying  some  moths  were 
observed  ovipositing. 

CUTTING  BACK  AND  DESTROYING  INFESTED  FLOWER  STALKS. 

The  nature  of  the  verbena  plant  is  such  that  during  the  fall  of  the 
year  the  entire  growth  may  be  cut  back  and  new  growth  will  start 
the  following  year.  In  this  way  the  whole  brood,  including  all  stages 
of  the  pest,  is  entirely  eradicated.  If  this  method  is  not  followed  in 
the  fall,  one  may,  in  the  spring  of  the  year,  cut  out  carefully  the  in- 
fested stalks,  and  the  flower  bed  should  be  gone  over  several  times  in 
order  to  obtain  those  missed  at  the  time  of  the  first  cutting. 


Digiti 


zed  by  Google 


THE  VERBENA  BUD  MOTH,  7 

BIBUOGRAPHY. 

V&f&.  ^Ai.KER,  Francis.  List  of  the  Specimens  of  Lepidopterous  Insects  in  the 
Collection  of  the  British  Museum,  Part  XXVIII— Tortrici tea  and  Tineites, 
p.  a42  and  394.    London,  1863. 

Original  description  of  the  male  as  Sdaphila  hehesana  n.  sp.  from  North 
America.    Female  description  given  on  p.  394  as  Carpocapsa  inexpertana 
n.  sp.  from  same  locality. 
1865.  Clemens,  Braceeneidoe.    North  American  Microlepidoptera.    Tortriddae. 
In  Proc.  Ent.  Soc.  Phila.,  v.  5,  p.  134-135,  1865. 

Synoptic  table  of  genus  Sericoris,    Species  described  as  S,  foutana  n.  sp. 
from  Yiiginia. 
1868.  FuixER,  A.  S.    Injurious  insects.    [The  tigridia-seed  larvae.]    In  Amer.  Jour. 
Hort.  and  Florist's  Companion,  v.  4,  p.  207-209,  Oct.  1868. 

Description  by  C.  V.  RHey  of  larva,  pupa,  and  adult  with  figures,  as  Pen- 
ikina/ulUrea  n.  sp.  from  Ridgewood,  N.  J. 
1870.  Treat,  Maey.    My  raspberry  and  verbena  moths  and  what  came  of  them.    In 
Amer.  Ent.  and  Bot.,  v.  2,  no.  7,  p.  203-205,  May,  1870.    2  figs. 
Description  from  Riley  and  notes  on  habits  of  larvce  called  the  ''Verbena 
'  bud-moth." 

1870.  MuETPELDT,  Maet  E.    The  verbena  bud-moth  (Penthinafullerea  Riley)  in  the 
*  west.    In  Amer.  Ent.  and  Bot.,  v.  2,  no.  12,  p.  371,  Dec.,  1870. 

^  Mention  of  its  occurrence  with  notee  on  food  plants  and  larval  habits. 

1879.  Waisingham,  T.  db  G.  North  American  Tortricidae.  London,  1879.  (Illus- 
trations of  Typical  Specimens  of  Lepidoptera  Heterocera  in  the  Collection 
of  the  Britifdi  Museum,  pt.  4.) 

Penlhina  hebetana  Walk.    List  of  synonyms;  description  of  adult,  p.  31, 
pi.  67,  fig.  8. 
1882.  Febnald,  G.  H.    A  synon3rmical  catalogue  of  the  described  Tortricidae  of 
North  America,  north  of  Mexico.    In  Trans.  Amer.  Ent.  Soc.,  v.  10,  p.  1-72, 
1882. 
Synonymy,  habitat,  and  food  plants  of  Penlhina  hehewna  Walk.,  p.  32. 
1886.  MoFFATT,  J.  Alston.    Additions  to  the  list  of  Canadian  Lepidoptera.    In 
Canad.  Ent.,  v.  18,  p.  31-32,  Jan.,  1886. 
Listed  for  the  first  time  in  Canada. 
1902.  Gibson,  Abthue.    Note  on  the  larvse  of  Penthina  hebesana  Walk.    In  Canad. 
I  Ent.,  V.  34,  no.  7,  p.  182,  July,  1902. 

I  Found  hibernating  on  heads  of  mullein. 

I         1907.  DiCKEESON,  E.  L.    [Penthina  hebesana  Walk.,  breeding  in  seed  pods  of  iris.] 
In  Jour.  N.  Y.  Ent.  Soc.,  v.  15,  no.  4,  p.  250,  Dec.,  1907. 


I 


ADDITIONAL  COPIES 

OF  THIS  PUBUCATION  If  AT  BE  PROCUBED  FROM 

THE  SUPERINTENDENT  OF  DOCUMENTS 

GOVERNMENT  PRINTING  OFFICE 

WASHINGTON,  D.  C. 

AT 

6  CENTS  PER  COPY 


WASHINGTON  :  GOVERNMENT  PRINTING  OFFICE  :  1915 


Digiti 


zed  by  Google 


\ 


Digiti 


zed  by  Google  -^^ 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

BULLETIN  No.  227 


OoiMbBliM  ftwB  the  BvMMi  or  Pkut  IiAMtry 
WBf.  A.  TAYLOR.  CUef 


WasUmCtoB,  D.  C.  PROFESSIONAL  PAPER  AngiiM  28, 1915. 


THE  TOXICITY  TO  FUNGI   OF  VABIOUS   OILS  AND  SALTS, 
PABnCULABLY  THOSE  USED  IN  WOOD  PRESERVATION.' 

By  C.  J.  Humphrey,  Assistant  Pathologist^  and  Ruth  M.  Flbmino,  ScierUific  Assist- 
anty  Office  of  Investigaticms  in  Forest  Pathology.    . 


Page. 

Iitrodiiction 1 

HMockal 2 

Ttsts  eaDdneted   at  th«   Forest- Products 
Uboratory 14 


CONTENTS. 

PW. 


Toxicity  to  ftiQgi  of  the  more  important  pre- 
servatives   31 

Smnmary 35 

Bibliography 37 


INTRODUCTION. 

Within  comparatively  recent  years  ^he  subject  of  wood  preserva- 
tion has  become  of  paramount  importance,  largely  resulting  from  the 
economic  conditions  which  necessitate  the  utilization  of  timber  inferior 
in  its  resistance  to.  decay  to  species  formerly  readily  obtained.  The 
rise  of  wood  preservation  in  the  United  States  within  the  last  two 
decades  has  been  very  rapid.  The  principal  preservatives  used  have 
consisted  of  coal-tar  creosote  and  zinc  chlorid,  either  alone  or  in 
combination.  Such  experimental  work  as  has  been  done  prior  to  the 
last  two  or  three  years  has  been  directed  in  large  part  toward  perfecting 
the  mechanical  process^  of  injecting  the  preservatives  into  wood, 
with  an  idea  of  securing  the  greatest  relative  efficiency  as  compared 
with  the  cost  involved — ^purely  an  engineering  proposition  based  on 

I  The  writers  wish  to  thank  Mr.  Howard  F.  Weiss,  Director  of  the  Forest-Products  Laboratory,  Madison, 
Wis.,  for  the  interest  dteplayed  and  suggestions  offered  during  the  progress  of  this  work,  as  well  as  for  the 
labantory  facilities  placed  at  their  disposal.  Thanks  are  also  due  to  Mr.  Ernest  Bateman,  Chemist  in 
Forest  Products  at  the  Forest-Products  Laboratory,  for  all  the  data  on  chemical  analyses  of  the  different 
presaratives,  and  to  Drs.  R.  H.  True,  F.  I>.  Heald,  E.  P.  Meinecke,  Caroline  Rumbold,  and  Mr.  W.  H. 
Long,  of  the  Bureau  of  Plant  Industry,  for  many  helpful  criticisms  of  the  manuscript.  The  investiga- 
dooswere  coodncted  at  the  Forest-Products  Laboratory,  Madison,  Wis.,  maintained  by  the  Forest  Service 
of  the  United  States  Department  of  Agrknilture  in  cooperation  with  the  University  of  Wisconsin. 

Hon.— This  bulletin  gives  the  results  of  a  series  of  investigations  conducted  at  the  Forest-Products 
laboratory,  Madison,  Wis.,  as  to  the  preservative  value  of  various  oUs  and  salts  and  their  toxic  effect  on 
wood-destroying  fun^  t 
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economic  considerations  as  far  as  the  preservatives  used  are  con- 
cerned. These  preservatives  have  in  a  general  way  proved  to  be 
fairly  good,  but  recently  further  eflForts  have  been  made  to  supple- 
ment them,  or  perhaps  to  substitute  for  them  imder  certain  condi- 
tions other  substances  which  may  be  more  applicable  to  certwn 
requirements. 

In  addition  to  the  toxicity  of  a  preservative  toward  wood-destroy- 
ing organisms,  its  value  to  the  trade  will  depend  largely  upon  its 
varied  physical  and  chemical  properties,  as  well  as  upon  certain 
economic  considerations  involved.  The  present  publication,  how- 
ever, deals  only  with  the  toxic  properties.  Considerable  literature 
on  the  toxic  effect  upon  plant  and  animal  life  of  various  chemical 
substances,  both  inorganic  and  organic,  has  accumulated,  but  rela- 
tively little  work  has  been  done  with  wood-destroying  fimgi,  and  any 
attempt  to  draw  analogies  would  be  misleading. 

Even  among  fungi  the  toxic  concentration  of  a  given  preservative 
will  vary,  depending  upon  the  organism,  the  concentration  of  the 
preservative,  and  the  growth  conditions,  such  as  the  composition  of 
media  and  the  temperatiu'e.  In  order  to  call  attention  to  the  funda- 
mental character  of  certain  of  these  variations  and  to  illustrate  the 
points  involved,  a  brief  survey  of  some  of  the  work  of  other  investi- 
gators is  here  presented  before  the  results  of  our  own  work  are  dis- 
cussed. No  attempt  has  been  made  to  review  all  the  Kterature  on 
this  extensive  topic,  and  only  a  few  references  which  serve  to  illus- 
trate the  points  the  writers  desire  to  emphasize  are  included. 

mSTORICAL. 

STIMULATION  BY  TOXIC  SUBSTANCES. 

Many  investigators  have  established  the  fact  that  certain  sub- 
stances that  are  poisonous  in  higher  concentration  «xert  only  a  stimu- 
lating effect  in  extreme  dilution.  For  many  yews  the  fluorin  com- 
pounds have  been  known  to  have  this  stimulating  effect  upon  fer- 
mentation. Ono  (22)*  and  Raulin  (24)  have  found  similar  favorable 
influences  exerted  by  lithium  nitrate  and  sodium  fluorid  upon  algse 
and  by  mercuric  chlorid  and  copper  sulphate  upon  fungi.  Fred  (9) , 
in  his  studies  on  nitrogen  fixation,  denitrification,  ammonification, 
and  putrefactive  processes  in  soils,  due  to  certain  bacteria  and  yeasts, 
concludes  that  the  yield  is  in  proportion  to  the  toxic  stimuli.  Like- 
wise, Clark  (3,  p.  400),  in  his  work  on  the  toxic  effect  of  many  acids 
and  salts  upon  fungi,  foimd  that  many  deleterious  agents  which  at 
certain  concentrations  retard  germination  or  early  growth  after- 
wards cause  a  great  acceleration  of  myceUal  development. 

1  FlgaiM  in  panntbeses  refer  to  the  bibliography  at  the  end  of  this  bulletin. 
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TABATION  IN  TOXICITT  OP  CHEMICAL  SUBSTANCES  TO  IHFFEBBNT  FOBM8  OF  PLANT 

UPK. 

A  review  of  the  literature  on  the  action  of  various  toxic  agents 
shows  that  the  different  forms  of  plant  and  animal  life  often  behave 
VHT  differently  toward  the  same  chemical  substance.  However,  on 
account  of  the  complexity  of  the  digestive  and  absorptive  processes 
in  the  higher  animals,  particularly  man,  a  direct  comparison  of  these 
forms  with  plant  life  is  of  little  value,  although  the  economic  consid- 
eration of  safety  in  the  handling  of  substances  in  commercial  use  is 
of  great  importance. 

A  few  general  statements  to  indicate  in  a  concrete  form  the  differ- 
ences in  behavior  between  the  larger  plant  groups,  as  well  as  indi- 
yidual  species,  will  illustrate  the  point  which  it  is  desired  to  make. 

It  is  unfortunate  that  the  work  of  different  authors  ean  not,  in 
many  instances,  be  directly  compared,  on  account  of  differences 
in  the  method  employed.  However,  much  of  value  can  be  deduced 
from  the  few  available  examples. 

In  his  valuable  work,  Gark  (3)  calls  clearly  to  the  attention  the 
variations  among  different  species  of  molds.  Certain  toxic  agents 
are  shown  to  present  great  differences  in  this  respect  and  others  only 
slight  ones.  Even  the  stage  of  development  of  a  single  organism  is 
of  great  importance,  the  conidia  of  the  five  species  used  proving  more 
sensitive  than  the  mycelium,  so  that  the  inhibition  point  for  spore 
germination  can  not  safely  be  considered  as  the  toxic  point  for  the 
development  of  mycelium. 

Other  species  of  fungi,  however,  may  behave  differently  from  the 
ones  Clark  worked  with,  for  Rmnbold  (25,  p.  431)  has  recently  shown 
that  the  ascospores  and  conidia  of  the  blue-stain  fungus  (Ceratosto- 
meUa  sp.)  are  more  resistant  than  the  mycelium  to  sodium  hydroxid 
and  sodium  carbonate. 

Another  interesting  phase  of  the  question  has  been  studied  by 
Pulst  (23).  This  investigator  shows  that  the  common  green  mold 
(Penicillium  glaucum)  has  the  power  of  gradually  increasing  its 
resistance  to  toxic  agents.  He  claims  that  the  individual  itself 
without  change  of  generation,  but  after  a  somewhat  longer  period  of 
time,  works  up  its  resistance  to  copper  sulphate  to  a  high  degree. 
He  also  shows  by  experiment  that  spores  sown  from  generation  to 
generation  on  progressively  increasing  concentrations  of  this  salt 
likewise  attain  greatly  increased  resistance.  Similarly,  this  newly 
developed  resistance  is  evidenced  by  an  increased  rate  of  growth. 
For  instance,  when  spores  produced  on  a  3.2  per  cent  solution  of 
copper  sulphate  are  transferred  to  new  media  of  like  concentration, 
the  mold  will  fruit  again  in  about  10  days,  while  spores  obtained  from 
a  culture  containing  no  toxic  substance  and  transferred  in  exactly 
the  same  manner  require  more  than  three  months  to  reach  the  same 
stage  of  development. 
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Seed  plants, — ^A  great  amount  of  work  has  been  done  to  ascertain 
the  eflFect  of  various  toxic  substances  on  the  roots  of  higher  plants. 
A  discussion  of  this  work,  however,  is  not  essential  to  the  present 
paper  beyond  showing  that  a  considerable  diflFerence  exists  between 
the  behavior  of  this  group  of  plants  as  compared  with  the  lower 
forms. 

In  the  comparison  by  Harvey  (11)  of  his  own  work  on  an  alga 
{Chlamydomonas  muUiflis)  with  that  of  True  and  Hunkel  (30)  on  a 
flowering  plant  (Lupimis  albus)^  both  investigators  using  the  ortho, 
meta,  and  para  compounds  of  dihydric  phenol,  cresol,  and  phtbahc 
acid,  the  alga  was  found  to  withstand  a  concentration  three  to  eight 
times  as  high  as  thd  flowering  plant. 

Another  ^striking  illustration  of  this  varied  response  to  the  same 
toxic  solution  is  recorded  by  Heald  (12,  p.  130),  who  found  a  fungus 
vigorously  growing  on  pea  roots  which  had  been  killed  by  hydro- 
chloric acid.     The  average  death  point  for  five  species  of  molds 

studied  by  Clark  (3,  p.  306)  was-r-^HCl  (1.1   per  cent),  while   the 

three  species  of  flowering  plants  investigated  by  Heald  (12,  p.  132) 

succumbed  at  j^r^  HCl  or  less. 

When  copper  sulphate  was  used,  Kahlenberg  and  True  (14)  found 
that  0.00062  per  cent  was  sufficient  to  kill  the  roots  of  Lupinus  alhus. 

After  many  experiments,  Qark  (3,  p.  396)  concludes  that  in  the 
case  of  mineral  acids  a  concentration  of  2  to  400  times  the  strength 
fatal  to  the  higher  plants  is  required  to  inhibit  the  germination  of 
mold  spores  under  favorable  conditions. 

Bacteria, — Although  no  direct  comparison  of  bactericidal  and 
fungicidal  action  is  available,  the  experiments  being  usually  per- 
formed under  somewhat  different  cultural  conditions,  the  work  of 
McClintic  (17)  on  zinc  chlorid  indicates  a  high  resistance  of  certain 
bacterial  organisms.  This  investigator  found  that  a  5  per  cent 
solution  of  zinc  chlorid  applied  for  one  hour  was  not  sufficient  to  kill 
Bacillus  communisy  while  a  25  per  cent  solution  required  10  minutes 
to  cause  death.  At  this  latter  concentration  30  minutes  was  re- 
quired to  kill  another  bacterial  organism  (Staphylococcus  pyogenes 
anireus). 

Spores  of  bacteria  are  well  known  to  be  very  resistant  to  various 
agents.  In  the  case  of  BadUus  subtilis,  they  are  reported  to  have 
survived  a  50  per  cent  solution  of  zinc  chlorid  for  40  days. 

These  figures  are  of  interest  when  one  recalls  that  a  3  to  6  per  cent 
solution  of  this  salt  is  the  usual  concentration  employed  in  tJie 
preservation  of  wood. 

Yeasts, — ^Yeasts  seem  to  behave  toward  many  salts  and  acids 
very  differently  from  seed  plants  and  fungi.     Bokomy  (1)  has   re- 
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oently  reported  the  effect  of  about  50  different  salts  and  acids  upon 
yeasts,  as  compared  with  other  organisms,  and  has  found  them  gen- 
erally to  be  more  resistant  than  alg»  or  flowering  plants.  SUver 
nitrate,  which  is  very  deadly  to  many  molds,  bacteria,  and  alg»  (the 
bacterinm  Staphylococcus  pyogenes  requiring  only  0.0002  per  cent  to 
check  growth;  the  alge,  Spirogyra  and  Cladophora,  only  0.0001  per 
cent),  wiQ  not  kill  yeast  until  the  concentration  reaches  0.001  per 
cent.  Similarly,  mercuric  chlorid  is  toxic  to  Spirogyra  in  a  0.000001 
per  cent  solution,  but  a  0.01  per  cent  solution  is  required  to  kill  beer 
yeast. 

Molds. — ^The  common  molds,  such  as  Penicillium,  Aspergillus, 
Sterigmatocystis,  and  others,  taken  as  a  whole,  are  highly  resistant 
to  toxic  agents  as  compared  with  the  true  wood-destroying  fungi. 

Whereas  much  experimental  work  has  been  done  on  the  former, 
comparatively  little  has  been  carried  out  on  the  latter  group. 

The  so-called  PenicUlium  glaucum  Link.,  which  in  the  light  of 
recent  work  has  been  shown  to  consist  of  a  group  of  several  distinct 
species  of  Penicillium,  to  which  the  composite  name  was  indiscrimi- 
nately appUed,  is  one  of  the  most  resistant  molds  recorded.  Pulst 
(23),  Qark  (3),  and  Gufiguen  (10)  all  agree  that  from  16  to  21  per 
cent  of  copper  sulphate  is  required  to  stop  its  growth,  and  Pulst 
claims  that  it  will  even  germinate  and  fruit  in  a  33  per  cent  solution 
of  this  salt  or  a  38  per  cent  solution  of  zinc  sulphate  if  allowed  to 
develop  a  sufficiently  long  time,  i.  e.,  from  three  to  five  months. 

Clark  (3)  has  tested  the  effect  of  some  28  salts  and  acids  upon  four 
or  five  of  the  common  molds,  the  tests  being  made  in  hanging  drop 
cultures  of  beet  infusion.  His  table  of  toxicities  indicates  that  such 
salts  as  mercuric  chlorid,  potassium  bichromate,  silver  nitrate,  and 
potassium  chromate  are  approximately  400  times  as  effective  against 
these  organisms  as  copper  sulphate,  sulphuric  acid,  hydrochloric 
acid,  and  zinc  sulphate,  the  comparison  being  based  on  molecular 
solutions. 

EFFBCT  or  COMPOSITION  OF  MEDIUM  ON  TOUCTTY. 

The  toxicity  of  a  substance  may  vary  for  the  same  organism  when 
culture  media  of  different  compositions  are  employed.  This  is  due, 
in  large  part,  to  the  chemical  or  physical  affinity  of  some  substances 
for  certain  constituents  of  the  media,  or  possibly  to  some  change  in  the 
permeabiUty  of  the  plant  protoplasm.  The  well-known  reaction 
of  some  copper  salts  with  sugars  and  of  mercuric  chlorid  with  albumi- 
nous compounds,  or  the  effect  of  adsorption  will  serve  to  illustrate 
the  point. 

lie  most  careful  work  on  toxicity  has  been  conducted,  using  pure 
distilled  water  as  a  medium.  However,  the  use  of  this  method  with 
fungi  is  practically  limited  to  the  germination  of  spores;  nutrient 
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substances  must  be  added  if  further  growth  is  desired,  and  the  addi- 
tion of  each  nutrient  substance  introduces  a  new  factor  of  error. 

Unlike  bacteria,  which  can  be  grown  well  in  synthetic  liquid  media 
of  known  composition,  wood-destroying  fungi  prefer  a  more  complex 
and  solid  medium  for  their  satisfactory  development.  This  latter, 
as  a  rule,  consists  of  a  mixture  of  meat  broth  and  sugars  solidified 
by  agar-agar  or  gelatin. 

Various  investigators  have  used  diflferent  types  of  media  and  dif- 
ferent methods,  and  this  accoimts  in  large  part  for  the  variability  in 
results.  Some,  as  Clark  (3),  have  used  simple  plant  decoctions, 
others  bouillon,  and  still  others  a  nutrient  agar  or  gelatin  modified  in 
various  ways  as  to  available  carbon  and  nitrogen. 

Le  Renard  (16),  in  his  work  on  PenidUium  crustaceuniy  shows  that 
toxicity  is  closely  associated  with  the  composition  of  the  medium 
and  in  the  same  medium  varies  somewhat  with  its  concentration. 

Likewise  the  presence  or  absence  of  certain  constituents  may 
determine  the  temperature  which  an  organism  will  endure  on  dif- 
ferent media,  for  Thiele  (27)  has  shown  that  the  maximum  tempera- 
ture for  the  growth  of  PenidUium  glaucum  on  grape  sugar  is  31°  C; 
on  salts  of  formic  acid,  35°  C;  and  on  glycerin,  36°  C. 

Hoflfmann  (13)  states  that  in  the  case  of  Mervlius  lachrymans  a  slight 
growth  takes  place  even  at  30°  C.  on  certain  Uquid  media,  while  on 
solid  media  (5  per  cent  agar-agar)  the  fungus  was  killed  at  that  tem- 
perature. He  likewise  thinks  that  as  a  fungus  becomes  accustomed 
to  a  certain  culture  medium  in  its  development  it  gradually  over- 
comes certain  imfavorable  conditions. 

So  far  as  the  writers  are  aware  at  the  present  time,  the  media  most 
satisfactory  for  the  growth  of  wood-destroying  fungi  are  not  free 
from  the  objection  of  being  complex,  variable,  and  more  or  less 
unknown  in  their  chemical  composition;  however,  certain  synthetic 
media  are  being  developed  in  the  course  of  the  work  which  show 
promise  of  being  satisfactory.  In  an  effort,  however,  to  secure  results 
comparable  as  far  as  possible  with  those  of  certain  European  investi- 
gators, such  as  Malenkovi6  and  various  workers  at  Munich,  and  also 
Rumbold  in  this  coimtry,  the  malt-extract  agar  medium  used  by 
these  workers  has  been  adopted.    This  medium  will  be  described  later. 

EFFECT  OF  ADSORPTION  ON  TOXICTTY. 

The  apparent  diluting  effect  which  inert,  practically  insoluble 
matter  exerts  on  toxic  substances  has  been  often  observed.  For 
instance,  the  injurious  effect  of  poisons  is  not  so  noticeable  when 
seedling  roots  are  placed  in  sand  and  watered  with  toxic  solutions 
of  definite  concentration  as  when  grown  directly  in  such  solutions. 
This  phenomenon  of  the  removal  from  solution  of  a  part  of  the  toxic 
substance  by  nearly  insoluble  material,  such  as  glass,  quartz,  pottery, 
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hemp  and  cotton  fibers,  and  starch  grains,  comes  under  the  general 
tenn  "adsorption."  It  is  often  explained  as  a  direct  physical 
affinity  of  the  toxic  chemical  for  the  inert  substance;  that  is,  a  con- 
densation of  the  substance  on  the  surface  or  in  the  interstices  of  the 
insoluble  matter,  or  the  formation  of  a  solid  solution  of  the  two,  but 
chemists  and  phjrsicists  are  not  at  all  in  agreement  in  regard  to  these 


Among  others,  True  and  Gies  (29)  and  True  and  O^evee  (31) 
worked  upon  this  problem,  using  seedlings  of  Lapinus  albus  and  a 
nmnber  of  inorganic  and  organic  compoimds.  As  adsorbing  agents 
such  substances  as  sand,  glass,  filter  paper,  and  paraffin  were  applied. 
With  copper  sulphate  they  foimd  that  at  least  twice  the  usual  toxic 
concentration  could  be  endured  by  the  Lupinus  roots  when  a  suf- 
ficient quantity  of  the  insoluble  matter  was  added  to  the  hypertoxic 
solution.     In  summarizing  their  work  they  remark: 

It  appears  in  general  that  the  presence  of  a  considerable  body  of  certain  insoluble 
nbfftances  in  solutions  of  strongly  toxic  compounds  both  organic  and  inorganic  in 
Kbeir  nature,  be  they  electrolytes  or  not,  tends  to  decrease  the  toxic  activity  of  the 
solntioDs  in  question.  On  the  whole  this  ameliorating  action  is  more  clearly  marked 
in  case  the  poisonous  solutions  concerned  are  dilute  solutions  of  strong  poisons  than 
when  relatively  concentrated  solutions  of  weaker  poisons  are  concerned. 

Fitch  (8)  conducted  a  series  of  experiments  with  sulphuric  acid 
and  copper  sulphate,  using  pottery,  glass,  sand,  and  filter  paper  as 
the  adsorbing  agents  and  two  common  molds  {AapergiUua  niger  and 
Penieillium  glaucum)  as  the  test  organisms.  She  established  for  fungi 
the  same  phenomena  of  dilution  that  a  number  of  other  workers  had 
found  to  hold  for  flowering  plants. 

The  diversity  of  results  secured  when  toxic  substances  are  tested 
on  various  media,  particularly  such  as  contain  starch  grains  and 
similar  materials  in  suspension,  no  doubt  is  explained,  in  part  at  least, 
on  the  basis  of  adsorption. 

KELATION  OF  TEMPERATURE  TO  FUNGOUS  GROWTH  AND  TOXICTTY. 

It  is  well  known  that  temperature  exerts  a  vital  influence  on  the 
growth  and  development  of  fungi.  Not  alone  is  the  temperature 
nuttge  which  permits  the  growth  of  the  organisms  highly  variable, 
but  also  the  optimum  temperature  in  many  cases  varies  for  the  differ- 
ent species.  Thus,  for  nine  species  of  wood-destroying  fungi  studied, 
Palck  (5,  6)  indicated  a  growth  range  lying  between  3°  and  44®  C, 
with  the  corresponding  optima  between  18®  and  35®  C.  For  Meru- 
&«  domesticus  ( =  if.  lachrymans  in  part)  this  optimum  falls  between 
18*  and  22®  C.*;  for  Coniophora  cerebeUa,  22®  to  26®  C;  for  Polyporus 
vaponmus  spumariusj  26®  C;   for  Lemites  abietinaj  29.5®  C;  for 

'Hnffmann  (13)  states  that  tinder  oertaln  oonditioiis  of  ooltore  this  optimum  may  be  raised  so  as  to 
MIb(tv»aiiraiid36*C. 
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LemUes  sepiaria,  28°  to  32°  C;  and  for  LemUes  ihermophUa,  35°  C. 
Below  these  temperatures  growth  becomes  greatly  lessened  as  the 
TninJTniiTn  is  approached;  while  a  rise  of  4  to  8  degrees  above  the  opti- 
mum often  causes  a  total  inhibition  of  growth  or  even  death  in  the 
case  of  very  sensitive  species. 

Different  stages  of  the  same  fungus  may  also  offer  a  different  re- 
sistance to  temperature  changes,  this  being  much  less  imder  moist  than 
under  dry  conditions.  For  instance,  Falck  (7,  p.  339)  found  that 
fresh  fruit  bodies  of  Mervlius  dotnesticus  were  killed  in  30  minutes  at 
40°  to  42°  C,  and  in  15  minutes  at  46°  C,  while  from  12  to  16  hours 
were  required  to  kill  dry  spores  at  42°. 

As  compared  with  this  fimgus,  the  same  author  shows  that  agar 
cultures  of  LemUes  sepiaria  can  survive  more  than  three  hours  at 
60°  C. 

The  resistance  of  a  fungus  to  toxic  substances  is  greatest  imder 
temperature  conditions  most  favorable  to  its  development.  After 
conducting  a  series  of  tests  on  several  molds  to  determine  the  germi- 
native  capacity  of  the  spores  in  varying  concentrations  of  nitric  and 
sulphuric  acids  and  copper  sulphate  at  different  temperatures,  either 
directly  in  the  solutions  or  after  removal  to  nutrient  media  following 
immersion  for  24  hours,  Brooks  (2)  states  that  ''in  most  cases  the 
deleterious  action  increased  very  rapidly  with  rise  in  temperature/' 
but  that  "in  aU  instances  the  injurious  effects  were  least  at  the  opti- 
mum for  the  fxmgus.^' 

RELATION  OF  UGHT  TO  FUNGOUS  GROWTH. 

Light  also  exerts  an  appreciable  effect  on  the  development  of  wood- 
destroying  fimgi.  This  is  evidenced  in  two  ways :  (1)  By  its  influence 
on  the  growth  of  the  myceUum,  a«id  (2)  by  the  r61e  it  plays  in  the 
production  of  normal  fruiting  bodies.  In  most  instances  at  least, 
partial  illumination  is  essential  to  normal  fruiting.  The  effect  on  the 
rate  of  growth  of  the  myceUimi,  however,  is  less  marked,  but  stiU  quite 
appreciable.  Of  seven  species  of  wood-destroying  fungi  studied,  Hoff- 
mann (13)  reports  that  growth  in  the  dark  was  from  4.1  to  17.8  i>er 
cent  (average  9.9  per  cent)  better  than  in  simhght.  In  carrying  his 
experiments  stiU  further  and  examining  the  effect  of  the  red  and  blue 
ends  of  the  spectrum,  respectively,  he  found  that  the  former  gave  2.6 
per  cent  better  growth  in  the  case  of  PaxUlus  dcheruntius  and  69.3 
per  cent  in  the  case  of  Polyporus  vaporarius  (average  for  nine  fungi 
14.6  per  cent). 

WHAT  DBTratMINBS  TOXICITY  7 

An  adequate  discussion  of  the  subject  of  what  determines  toxicity 
would  lead  us  into  one  of  the  most  difficult  fields  of  biological  chem- 
istry and  physiology,  hence,  for  the  purposes  of  this  publication,  the 
writers  omit  reference  to  a  great  mass  of  Uterature  covering  the 
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more  involved  aspects  of  the  question  and  merely  bring  forward  a 
few  of  the  points  which  serve  to  illustrate  certain  phases. 

In  the  previous  discussion  it  has  been  seen  that  the  degree  of 
toxicity  manifested  is  relative  and  closely  associated  with  the  envi- 
ronmental conditions  and  the  particular  physiological  constitution 
of  the  individual  organisms  under  consideration,  as  well  as  with  the 
concentration  of  the  different  toxic  substances  employed  and  the 
chemical  and  physical  relations  which  these  bear  to  the  media  upon 
which  the  organisms  are  grown.  Why  certain  concentrations  of 
substances  are  toxic  to  one  plant  and  not  to  another,  or  why  the  same 
species  varies  in  its  tolerance  to  a  certain  toxic  agent,  is  more  or  less 
obscure.  According  to  Heald  (12,  p.  126)  it  may  be  a  case  of ''  adapta- 
tion and  adjustment,",  and  this  is  at  least  suggested  by  the  work  of 
Pulst  (23)  in  increasing  the  resistance  of  PenicUliurn  glaucum  to  cop- 
per sulphate.     In  support  of  his  view  Heald  further  states: 

Those  substances  which  are  poisonous  to  plants  are  generally  such  substances  as  are 
not  accessible  to  plants  in  their  normal  habitats,  at  least  to  any  extent,  while  those 
substances  which  are  generally  present  in  the  soil  have  no  injurious  effect,  or  at  least 
not  in  the  same  degree  of  concentration  at  which  we  find  them  in  the  soil. 

However,  for  the  purposes  of  the  present  paper  the  question  of 
how  the  toxic  substances  exert  their  effect  is  not  so  near  to  the  point 
as  b  the  question  of  what  particular  components  of  the  substances 
are  the  effective  ones.  On  the  basis  of  the  separation  of  compoimds 
into  their  constituent  ions  (elements  or  radicals)  when  brought  into 
solution,  many  efforts  have  been  made  by  comparison  of  different 
substances  which  have  certain  ions  present  in  varying  proportions  to 
determine  the  most  active  part  of  the  molecule.  As  many  substances, 
particidarly  the  more  complex,  do  not  become  completely  dissociated 
in  solution,  experimental  work  largely  draws  its  inferences  from  the 
simpler  compounds,  mainly  the  inorganic. 

As  a  result  of  work  on  such  ionized  molecular  solutions,  investiga- 
tors quite  generally  agree  that  in  case  of  the  salts  of  heavy  metals, 
like  copper  and  merciuy,  it  is  the  metallic  ion  that  is  largely  effective. 
In  the  case  of  strong  acids,  such  as  hydrochloric  and  sulphuric,  the 
hydrogen  ion  is  said  to  be  the  principal  toxic  element.  The  work  of 
Kahlenberg  and  True  (14)  proves  the  great  activity  of  hydrogen  and 
shows  that  in  mixtures  of  such  acids  the  toxicity  is  proportional  to 
the  number  of  free  hydrogen  ions  present. 

In  1900  True  (28)  published  an  account  of  the  investigation  of  20 
acids,  both  inoi^anic  and  organic,  together  with  their  sodium  salts, 
in  an  effort  to  extend  our  knowledge  of  the  effective  toxic  elements, 
the  toxicity  tests  being  conducted  on  the  roots  of  Lupinus  albus. 
With  the  simple  inorganic  acids,  which  readily  dissociate  in  solution, 
he  corroborated  earlier  views  that  the  H  ion  gives  the  greater  part  of 
the  toxicity  to  the  solution,  the  corresponding  sodium  salts  of  the 
88340**— Bull.  227—15 2 
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acids  being  only  slightly  toxic.  With  the  organic  acids,  in  which 
ionic  dissociation  is  usually  less  complete,  he  also  found  that  the 
relative  importance  of  the  H  ions  in  general  varied  with  the  per- 
centage of  dissociation.  If  the  dissociation  was  relatively  slight,  the 
nonionized  molecule  itself  exerted  the  predominating  influence.  In 
general,  the  anions  of  organic  acids  were  found  to  possess  relatively 
slight  toxic  properties,  oftentimes  so  slight  as  to  be  almost  negligible, 
and,  since  both  the  sodium  ions  and  the  anions  were  usually  but 
weakly  toxic,  it  followed,  as  a  rule,  that  sodium  salts  showed  but  0.5 
to  3  per  cent  of  the  toxic  value  of  the  corresponding  acids.  Carboxyl 
hydrogen  proved  much  more  toxic  than  hydroxyl  hydrogen.  Since 
in  the  phenols  this  latter  form  of  combination  occurs,  and  since  these 
substances  do  not  ionize,  the  toxicity  here  must  be  referred  entirely 
to  the  undissociated  molecule. 

In  order  to  throw  further  light  on  the  behavior  of  phenols  and  their 
derivatives  True  and  Hunkel  (30)  extended  their  investigations  on 
Lapinus  albus  to  this  group.  The  results  bear  out  their  earlier  con- 
clusions that  electrolytic  dissociation  of  phenyhc  bodies  plays  but  a 
very  subordinate  r6le  in  determining  their  toxicity.  However,  in  a 
few  instances,  such  as  with  picric  and  salicyhc  acids,  the  cresols,  and 
the  mononitrophenols,  electrolytic  dissociation  is  said  to  exert  a  •pro- 
nounced influence.  Some  phenols  also,  like  pyrocatechol  and  hydro- 
quinone,  which  are  comparatively  unstable,  may  quickly  change  to 
constituents  even  more  fatal  than  H  ions.  Certain  radicals  seemed 
also  to  have  specific  properties  when  introduced  into  the  molecule. 
For  instance,  the  number  of  hydroxyl  groups  appeared  to  have  little 
influence,  while  the  introduction  of  the  methyl  group  into  the  benzene 
nucleus  increased  the  toxicity  to  a  considerable  but  variable  degree, 
as  shown  by  the  cresols  and  less  plainly  by  orcinol;  however,  replacing 
the  H  of  a  hydroxyl  group  by  a  CHg  group  had  little  effect.  The 
introduction  of  the  isopropyl  group  into  the  cresols  further  increased 
their  toxicity.  The  presence  of  one  or  more  nitro  groups  hkewise 
increased  toxicity  to  a  great  degree,  but  the  number  of  these  groups 
seemed  to  make  little  difference. 

Similarly,  in  the  case  of  certain  organic  compounds  (cf .  7,  pp.  351- 
352),  Ehrlich  and  Bechhold  have  shown  that  the  introduction  of 
halogen  and  alkyl  groups  into  the  benzol  ring  increases  the  toxicity 
of  phenols  to  diphtheria  bacteria,  two  molecules  of  pentabrom- 
phenol  being  about  equal  to  40  molecules  of  trichlorphenol  and  100 
molecules  of  phenol.  On  the  other  hand,  the  introduction  of  the  car- 
boxyl group  was  said  to  lessen  toxicity. 

Likewise,  Falck  (7,  pp.  355,  357)  states  that  nitrophenols  and  dini- 
trophenob  are  considerably  more  toxic  than  phenol  and  more  so  when 
the  nitro  groups  are  in  the  ortho  position  than  when  in  the  meta  or 
para  position.     The  most  effective  of  19  nitrophenols  which  he  tested 
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m  Petri  dishes  on  agar  against  the  fungus  Coniophora  eerebdUk  were 
the  sodium  or  potassium  salts  of  dinitrophenol  (CeH,-(NO,),[2.4] 
ONa)  and  dinitro-orthocresol  (C,H,.CH,  [2].  (NO,),ONa). 

Generalizations,  however,  are  not  always  applicable  by  analogy 
and  may  serve  only  for  certain  limited  groups.  In  his  work  on 
numerous  fiuonn  sfdts  Netzsch  (21)  found  that  the  fluorin  ion  was 
the  most  active,  the  relative  toxicity  of  the  simpler  and  consequently 
more  readily  dissociated  salts,  at  least,  being  in  direct  proportion  to 
ttie  amount  of  fluorin  in  the  molecule.  When  the  acid  (HF)  itself, 
however,  was  under  consideration  it  was  found  to  be  even  more  toxic 
than  its  simple  metaUic  salts,  indicating  the  great  activity  of  free 
hydrogen. 

TESTS  or  THE  TOXIdTT  OF  WOOP  PBESBRYATIVEB. 

It  is  only  within  the  past  decade  that  laboratory  tests  to  determine 
the  relative  toxicity  of  substances  adapted  particularly  to  wood 
preservation  have  been  imdertaken.  These  lack  the  refinement  of 
earher  work,  as  it  was  not  the  intention  to  enter  into  the  question  as 
to  why  and  how  a  substance  was  toxic,  but  merely  to  determine  how 
much  of  a  given  poisonous  substance  was  necessary  to  inhibit  the 
growth  of  fungi,  particularly  the  wood-rotting  forms.  The  result  is 
that  different  investigators  have  used  different  methods,  different 
culture  media,  different  organisms,  temperature  conditions  which 
were  often  not  the  optimum  for  the  fungi  concerned,  and  ofttimes 
also  impure  chemicals  and  composite  oils,  such  as  creosotes,  that  no 
other  investigator  is  able  to  duplicate  except  from  the  same  sample. 

The  problem  has  been  attacked  in  two  ways:  (1)  By  mixing  the 
preservative  imder  consideration  with  various  types  of  cultxu'e  solu- 
tions, usually  soUdified  by  the  addition  of  agar-agar  or  gelatin,  and 
inoculating  with  the  organisms  desired;  and  (2)  by  injecting  the 
preservative  into  wood  and  exposing  the  blocks  thus  treated  to  the 
action  of  wood-destroying  fungi. 

Tests  of  this  sort  were  first  suggested  by  Malenkovi6  (18)  in  1904. 
The  results  of  his  work  were  first  published  in  an  Austrian  military 
journal  and  later  (19)  amplified  and  printed  in  book  form.  He  lays 
no  claim  to  refinement  of  work,  so  it  is  difficult  to  correlate  his  results 
with  later  ones,  except  in  a  general  way.  The  larger  part  of  his  ex- 
periments were  carried  out  by  injecting  the  preservative  into  wood, 
but  a  few  beaker  tests  were  made  according  to  the  foUo^^ing  plan: 

Five  glass  beakere  were  filled  with  100  c.  c.  of  10  per  cent  gelatin  or  2  per  cent  agar 
media,  and  to  each  was  added  a  certain  amount  of  the  antiseptic,  such  as  0.5,  1,  1.5, 
and  2  grams.  The  media  were  then  melted,  thoroughly  stirred,  and  allowed  to  cool. 
Then,  without  any  previous  sterilization,  a  trace  of  some  mold  (unknown  to  the  experi- 
laenter)  was  transferred  to  the  surface  of  the  media,  and  the  cultures  were  set  away  in 
a  dark,  damp  place.  After  14  days  observations  were  made  to  determine  whether  the 
•irlace  had  become  moldy.  The  concentration  that  prevented  mold  growth  was 
tecorded  as  the  toxic  point  for  the  preservative  in  question. 
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As  has  been  shown  in  the  precedmg  discussion,  tests  that  are 
conducted  under  any  other  than  pure-culture  conditions  are  not 
directly  comparable  with  each  other,  for  the  different  organisms 
react  in  an  entirely  different  way  to  the  same  chemical  substance. 
Moreover,  the  use  of  molds  which  at  most  produce  but  slight  effect 
upon  wood  gives  no  more  than  the  roughest  approximation  as  to  how 
wood-destroying  organisms  would  behave  imder  similar  conditions. 

In  1910  Netzsch  (21)  conducted  an  exhaustive  series  of  experiments 
on  the  toxicity  of  fluorin  compoimds.  As  these  compounds  have 
only  recently  entered  into  the  field  of  wood  preservation,  and  as  many 
of  them  have  proved  to  be  toxic  agents  of  high. efficiency,  his  work  is 
of  great  technical  value.  He  carried  out  the  work  much  as  Malenko- 
vi6  and  other  investigators  have  done,  both  by  mixing  the  substances 
in  gelatin  culture  media  and  injecting  them  into  wood,  but  his  tests 
on  culture  media  were  carried  out  imder  sterile  conditions  in  flasks, 
tests  tubes,  or  Petri  dishes,  so  that  many  of  the  objections  to  the  work 
of  Malenkovi6  were  eliminated.  Into  the  gelatin  media  were  intro- 
duced varying  proportions  of  equimolecular  solutions  of  the  fluorin 
compoimds.  The  culture  vessels  were  then  inoculated,  using  both 
Coniophora  cerebella  (a  true  wood  destroyer)  and  the  green  mold, 
PenidUium  glaucurriy  the  former  being  maintained  for  about  four  weeks 
in  an  incubator  at  20°  to  21°  C.  His  results,  showing  the  point  of 
inhibition  of  growth,  are  presented  on  the  basis  of  one  gram  molecule 
of  the  preservative  to  the  number  of  liters  of  culture  media  necessary 
to  secure  the  proper  concentration.  In  the  present  paper  this  ratio 
has  been  changed  to  the  percentage  basis  (weight  of  preservative  in 
volume  of  media),  in  order  to  compare  his  results  with  those  of  other 
investigators. 

About  this  same  time  Seidenschnur  (26),  head  chemist  of  the  wood- 
preservation  laboratory  of  the  Rtltgerswerke-Aktiengesellschaft,  at 
Berlin  (Charlottenburg),  presented  the  results  of  a  few  tests  upon 
the  comparative  toxicity  of  zinc  chlorid  and  tar  oils.  His  experi- 
ments were  conducted  in  test  tubes  containing  gelatin  media  mixed 
with  varying  proportions  of  the  antiseptics.  After  the  mixture  was 
prepared,  the  tubes  were  sterilized  for  one-half  hour  at  80°  C*  The 
tubes  were  then  slanted  and  inoculated  with  PeniciUium  glaucum. 
The  toxic  point  was  not  determined,  but  the  relative  efficiency  of  the 
two  substances  was  compared  in  parallel  cultures. 

During  1911,  J.  M.  Weiss  (33,  34),  chemist  in  the  technical  labora- 
tories of  the  Barrett  Manufacturing  Co.,  New  York  CSty,  published 
the  results  of  a  nimiber  of  experiments  to  test  the  relative  antiseptic 
value  of  creosotes  and  other  oils.  The  substances  were  mixed  in 
agar  media.  The  organisms  used  consisted  of  a  1t>acterium  (Bacillus 
svhtUis),  a  yeast  (SaccJiaromyces  glutinia),  and  a  species  of  PeniciUium. 

1  This  tnatment,  however,  Is  usually  considered  InsuiBcient  to  insore  sterility. 
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An  ^ort  was  made  to  handle  them  in  pure  culture  under  sterile 
conditions.  The  selection,  however,  of  test  organisms  which  play 
at  most  but  a  slight  r6le  in  the  decay  of  timber  is  not  to  be  recom* 
mended.  As  many  factors  of  error  as  possible  should  be  eliminated 
from  such  teste,  for  there  are  certain  to  be  many  remaining  after  all 
precautions  are  taken. 

During  the  same  year  Rmnbold  (25)  carried  out  a  series  of  tests  with 
different  wood  preservatives,  using  agar  media  in  Petri  dishes  as  well 
as  toasted  bread  soaked  in  the  antiseptics.  In  the  case  of  the  agar 
cultures,  the  media  and  preservative  were  mixed  before  sterilization. 
This  procedure  is  known  to  lead  to  very  erroneous  results  with  cer- 
tain substances,  such  as  zinc  chlorid  and  copper  sulphate.  In  all 
cases  the  preservative  and  media  should  be  sterilized  separately 
and  heated  no  higher  than  is  necessary  during  the  mixing,  in  order 
to  avoid  as  far  as  possible  any  chemical  combination  which  tends 
to  occur.  The  higher  concentrations  of  the  salts  mentioned  above 
cause  a  liqu^action  of  agar  or  gelatin  media  when  sterilized  together. 
One  test  conducted  in  our  laboratory  showed  that  zinc  chlorid  at  0.6 
per  cent  concentration  when  steriUzed  after  mixing  allowed  even 
more  growth  of  Fomes  annosus  than  0.2  per  cent  when  the  two  com- 
ponents were  not  sterilized  together.  Concentrations  of  the  sterilized 
mixture  below  about  0.4  per  cent  appeared  to  be  stimulative,  giving 
a  white,  fluffy  growth,  which  was  more  luxuriant  than  in  the  creamy 
check  cultures  and  which  grew  up  over  the  under  side  of  the  covers 
of  the  Petri  dishes. 

The  use  of  bread  for  culture  media  Ukewise  is  objectionable,  for 
the  starch  therein  contained  possibly  acts  as  a  diluting  agent,  as 
abeady  indicated  in  the  discussion  of  the  phenomena  of  adsorption. 
For  instance,  in  comparing  Rumbold's  tests  of  sodium  carbonate  on 
bread  and  on  agar  it  is  seen  that  considerably  more  of  the  preserva- 
tive is  required  to  check  the  growth  of  the  organisms  when  the  for- 
mer medium  is  used. 

In  1912,  Faick  (7),  and  Dean  and  Downs  (4),  published  the  results 
of  work  on  various  wood  preservatives  in  agar  media,  using  wood- 
rotting  organisms. 

The  former  covered  a  wide  range  of  possible  preservatives  (some 
60  or  70),  including  phenols  and  cresols  and  their  derivatives,  benzol 
derivatives,  fluorin  compounds,  acids,  alkaUes,  and  inorganic  metal- 
lic salts.  The  work  appears  to  have  been  very  carefully  done  and 
is  an  extremely  valuable  contribution  to  the  subject.  It  is  open  to 
the  objection,  however,  that  the  tests  were  of  too  short  a  duration. 

Dean  and  Downs  report  only  a  few  tests  on  tar  oils  in  a  bean-agar 
medium,  using  the  cosmopolitan  wood-rotting  fungus  PolystiduB 
versicolor.  These  investigators  introduced  a  method  of  preparing 
creosote  emulsions  with  gum  arabic,  which  was  considered  advanta- 
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geous,*  particularly  with  heavy  oils.  They  also  attempted  to  improT* 
upon  the  usual  method  of  inocidating  the  surface  of  the  culture  with. 
the  mycelium  of  the  test  organism  by  cutting  a  small  block  out  of  the 
medium,  placing  the  transferred  mycelium  in  the  aperture,  and  then 
covering  this  with  the  portion  of  medium  which  was  originally  re- 
moved. They  claimed  this  would  give  a  more  accurate  indication 
of  whether  the  fungus  was  really  growing  on  the  treated  medixim 
or  only  on  the  fragment  of  medium  which  must  necessarily  accom- 
pany the  mycelium  when  it  was  transferred.  This  appears,  how- 
ever, from  work  in  our  laboratory,  to  be  a  refinement  of  doubtful 
expediency,  for  it  has  often  resulted  that  when  fresh,  actively  grow- 
ing mycehum  is  placed  in  intimate  contact  with  the  poison  it  wiU  be 
directly  killed,  while  if  it  has  the  opportunity  to  recover  its  vigor  to 
a  certain  extent  after  the  disturbance  in  its  growth  equihbrium,  due 
to  cutting  and  removal  from  the  original  culture,  it  may  eventually 
withstand  concentrations  which  would  otherwise  be  fatal. 

The  more  important  results  of  these  different  investigators  are 
presented  in  Table  IV  (pp.  31-34). 

TESTS  CONDUCTED  AT  THE  FOREST-PRODUCTS  LABORATORY. 

SCOPE  OF  THE  WORK. 

The  experimental  work  in  wood  preservation  at  the  Forest-Prod- 
ucts Laboratory  includes  a  physical,  chemical,  and  pathological 
examination  of  various  substances  which  may  have  a  possible  value 
in  the  industry  (32).  Therefore,  since  toxicity  is  but  one  factor, 
conclusions  regarding  the  service  value  of  these  substances  should 
not  be  drawn  without  giving  due  consideration  to  other  factors.*  The 
pathological  tests  are  made  in  Petri  dishes,  using  agar  media,  or  by 
injecting  the  preservatives  into  w^ood  and  exposing  the  wood  to  the 
action  of  wood-destroying  organisms.  Only  the  Petri-dish  method 
is  herein  described.  This  method  has  the  advantage  of  giving 
results  from  which  at  least  tentative  conclusions  can  be  drawn  in  a 
relatively  short  time.  Conversely,  it  is  open  to  certain  objections 
for  which  due  allowance  must  be  made  in  gcnerahzations  regarding 
the  possible  behavior  of  a  preservative  when  placed  under  service 
conditions.  However,  in  experimental  work  on  the  toxicity  of  dif- 
ferent chemical  substances  it  is  often  very  necessary  to  secure  indi- 
catory results  as  soon  as  possible.  In  this  way  many  substances 
may  be  eliminated  which  are  not  worthy  of  further  trial.  After  a 
preservative  has  been  shown  to  possess  high  toxic  properties  under 

>  From  the  purely  phj^ical  side  of  preparing  the  preserratives  so  they  can  be  more  readily  handled 
the  gum-arabic  emulsions  have  proved  satisfactory  to  the  writers,  but  tfaie  gum  arable  apparently  reduces 
the  toxicity  to  such  an  extent  as  to  forbid  Its  use  in  comparative  tests.  This  fact  has  been  determined 
since  this  manuscript  was  prepared. 

>  Bee  U.  8.  Dept.  of  Agriculture  Bulletin  146,  "  Tests  of  wood  preservatives.'' 
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Petri-dish  conditions^  tests  on  its  properties  when  injected  into 
wood  should  follow^  under  both  laboratory  and  service  conditions. 

Re<^ntl7,  an  attempt  has  been  made  by  a  European  investigator 
(20)  to  correlate  Petri-dish  results  directly  with  service  values* 
First,  the  preservatives  were  grouped  as  nearly  as  possible  according 
to  their  permanence  in  wood.  Then,  knowing  the  average  length 
of  life  of  the  treated  timbers,  the  amoimt  of  preservative  necessary 
to  inject  to  give  this  life,  and  the  toxic  point  of  the  substances  as 
indicated  by  Petri-dish  tests,  a  curve  was  plotted  using  the  first  fac- 
tor as  the  axis  of  ordinates  and  the  ratio  existing  between  the  second 
two  as  the  axis  of  abscissas.  From  this  curve  the  investigator  would 
predict  the  possible  service  value  of  any  new  preservative  of  like  per- 
manence in  wood  merely  from  the  known  Petri-dish  ratio  by  locating 
the  point  at  which  its  ordinate  intersects  the  standard  curve. 

Such  mathematical  calculations  are  interesting,  but  must  neces- 
sarily be  very  limited  in  their  appUcation,  since  such  variables  as 
the  solubility  and  volatility  of  the  preservatives,  the  nature  of  the 
timber  treated,  and  the  soil  and  weather  conditions  to  which  the 
treated  wood  is  exposed  must  necessarily  exert  a  great  influence  on 
the  length  of  the  life  of  the  material. 

At  the  Forest-Products  Laboratory,  2,400  Petri-dish  tests  have 
been  made  to  date  on  54  different  substances;  however,  not  all  are 
sufficiently  complete  to  be  reported.  These  include  a  few  water- 
soluble  salts,  but  in  the  main  they  comprise  various  oils  and  tars. 
These  preservatives  have  been  for  the  most  part  submitted  by 
American  and  European  cooperators  interested  in  having  the  sub- 
stances examined. 

The  tests  were  conducted  using  two  wood-destroying  organisms, 
Fomes  annosiLS  Fr.  and  Fames  pinicola  (Sw.)  Fr.,  which  have  a  wide 
American  and  European  distribution  and  are  very  important  in  the 
decay  of  wood,  particularly  coniferous  timber.  The  former  is 
undoubtedly  the  most  serious  fungus  of  coniferous  mine  timbers 
in  the  United  States. 

In  general,  the  molds  used  by  other  investigators  may  be  con- 
sidered more  resistant  than  the  true  wood-destroying  fungi,  but 
the  writers  have  considered  it'  advisable  to  use  only  wood-destroy- 
ing forms,  in  order  to  eliminate  any  possibly  erroneous  inferences. 

METHODS  OF  TESTING  TOXICTTY. 

The  method  of  conducting  the  tests  was  in  principle  the  same  as 
that  used  by  other  investigators,  merely  involving  the  mixing  of  the 
various  preservatives  in  deJBnite  proportions  with  media  nutrient  to 
fungi.  However,  an  attempt  was  made  to  refine  the  methods  as 
far  as  possible,  so  as  to  eliminate  certain  sources  of  error  to  which 
attention  has  already  been  called. 
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A  culture  medium  made  according  to  the  following  formula  was 
used: 

Extract  of  1  pound  Jean  beef  in  distilled  water 1,000  c.c. 

L6fflund*8  malt  extract 25  s^ams. 

Agar-agar 20  grams. 

(Carefully  filtered,  but  reaction  not  adjusted;  slightly  acid.) 

This  is  the  formula  largely  used  by  German  investigators.  It  is  a 
good  medium  for  the  development  of  fungi,  but,  like  aU  other  media 
of  organic  and  often  unknown  composition,  offers  the  objection 
of  possible  chemical  reaction  with  certain  preservatives.  How- 
ever, such  synthetic  media  as  were  experimented  with  proved  very- 
poor  substrata  for  the  development  of  the  organisms. 

The  above  medium  after  melting  was  measured  *  into  50-c.  c.  glass 
bottles  with  carefully  ground  glass  stoppers,  usually  17  c.  c.  to  a 
bottle,  using  a  standardized  17-c.  c.  pipette  or  a  25-c.  c.  graduate. 
One  check  was  usually  prepared  for  each  series  of  concentrations 
and  to  this  was  added  sufficient  distilled  water  to  make  20  c.  c. 
The  stoppers  were  then  sealed  in  with  a  rubber-glycerin  burette-cock 
grease  and  capped  with  a  small  piece  of  muslin.  The  bottles  were 
clamped  in  specially  constructed  frames  (PI.  I,  fig.  1)  and  given  a 
sterilization  of  25,  20,  and  20  minutes,  respectively,  at  100*^  C.  on 
successive  days. 

The  handling  of  the  preservatives  involved  slight  modifications 
for  individual  cases,  but  in  all  instances  concentrations  are  based 
on  the  actual  weight  of  the  preservatives  in  grams  in  20  c.  c.  agar- 
preservative  mixture. 

With  inorganic  salts  soluble  in  water  solutions  were  prepared 
varying  from  3  to  10  per  cent  concentration  (grams  in  100-c.  c.  solu- 
tion), and  these  were  used  by  measuring  into  50-c.  c.  bottles,  similar 
to  those  used  for  agar,  the  desired  amount  of  solution,  using  either  a 
10-c.  c.  or  a  25-c.  c.  standardized  burette  graduated  in  twentieths 
or  tenths  of  a  cubic  centimeter,  respectively.  To  each  bottle  was 
then  added  suflficient  distilled  water  to  make  3  c.  c.  In  all  cases 
concentrations  were  based  on  the  weight  of  dry  salt  present. 

All  other  preservatives  were  weighed  into  the  50-c.  c.  bottles  on  an 
analytical  balance,  and  enough  distilled  water  was  added  to  make 
3  c.  c.  In  the  case  of  a  few  viscous  oik,  namely,  coal-tar  creosote, 
coal-tar  creosote  Fraction  V,  wood  tar,  and  wood  creosote,  which  do 
not  readily  emulsify  with  water,  5  to  33 J  per  cent  stock  emulsions^ 
were  prepared,  using  equal  amounts  of  gum  arabic  and  preservative 
and  diluting  with  distilled  water  to  the  desired  concentration.  These 
emulsions  were  then  used  in  place  of  the  crude  preservatives. 

i  In  all  measurements  of  agar  one-half  c.  c.  excess  was  allowed  to  cover  the  amomit  adherliig  to  the 
Itlaa  containers. 
I  This  method  nsoally  produced  a  quite  permanent  emalsioin. 
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Toxicity  Studies:  Apparatus  and  Petri-Dish  Cultures. 

Fio.  1.— Frame  (or  agar  and  preservative  bottles  during  sterilization.  Fio.  2.— Inoculation  case, 
showing  water  bath  on  hot  plate  and  other  apparatus  used.  Fig.  3.— Petri-dish  culture  of 
FoTtuM  annomu  cut  into  squares  ready  for  transferring  to  the  test  plates;  platinum  needle  with 
flattened  tip  used  in  the  operation.  Fios.  4  to  9.— Petri-dish  cultures  of  Fomea  pinkola  on 
different  concentrations  of  coal-tar  creosote,  grade  C,  after  5  weeks:  4,  Check;  5,  on  0.075  per 
cent;  6,  on  0.1  per  cent;  7,  on  0.126  per  cent;  8,  on  0.15  per  cent;  9,  on  0.175  per  cent. 


Digiti 


zed  by  Google 


Bui.  227,  U.  S.  D«pt.  of  Agriculture.  PLATE  II. 


Toxicity  Studies:  Petri-Dish  Cultures  of  Fomes  annosus  and  Fomes  pinicola.-!. 

Figs.  10  and  11.— F.  annosiis  on  different  concentrations  of  coal-tar  creosote,  Fraction  I,  after  5 
weeks:  10,  on  0.275  i>er  cent;  11,  on  0.3  per  cent.  Fros.  12  and  l^.—F,  pinicola  on  different 
concentralions  of  coal-tar  creosote.  Fraction  II,  after  5)2  weeks:  12,  On  0.125  per  cent;  13,  on 
0.15  per  cent.  Figs.  14  to  19.— F.  pinicola  on  dillcrent  concentrations  of  coal  tar  creosote, 
Fraction IV,  after  9  weeks:  14,  Check;  15,  on  O.Oi'o  per  cent;  16,  on  0.05  percent;  17, on 0.075 
per  cent;  18,  on  0.1  per  cent;  19,  on  0.125  per  cent.  Figs.  20  to  23.—^.  annoHuon  different 
concentrations  of  coal-tar  creosote.  Fraction  V,  after  7  weeks:  20,  Check;  21,  on  0.1  "poT  cent; 
22,  on  0.5  per  cent;  23,  on  1  jMir  cent.  Fio.  24. — F.  pinicola  on  1  per  cent  concentration  of  coal- 
tar  creosote.  Fraction  V,  after  6  weeks. 
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Toxicity  Studies:  Petri-Dish  Cultures  of  Fomes  annosus  and  Fomes  pinicola— II. 

Figs.  25  and  26.— J*.  pinkoJa  on  different  concentrations  of  United  Gas  Improvement  Co.  1.07  oil, 
Now  1101,  after  about  5  weeks:  25,  On  20  per  cent;  26,  on  40  per  cent.  Figs.  27  and  28.— Jf*.  anno- 
gtuon  different  concentrations  of  water-gas  tar  distillate  (sp.  gr.  0.995  at  60**  C),  after  6  weeks: 
27,Oa  0.2  per  cent;  28,  on  0.3  per  cent.  Fig.  29.—^.  annosus  on  2.2  per  cent  concentration  of 
S.  P.  F.  carbolineum  after  about  6  weeks.  Fio.  30.— F.  annosus  on  0.15  per  cent  concentration 
oC  coal-tar  creosote,  Fraction  III,  after  6  weeks.  Figs.  31  to  35.— F.  pinicola  on  different  con- 
centrations of  wood  creosote  (Douglas  fir)  after  about  21^  weeks:  31,  Check;  32,  on  0.05  per  cent; 
33,  on  0.1  per  cent;  34,  on  0.125  per  cent;  35,  on  0.15  per  cent.  Figs.  36  and  37.— F.  annosus  on 
different  concentrations  of  wood  creosote  (Douglas  fir)  after  about  4  weeks:  36,  On  0.2  per  cent; 
37,  on  0.4  per  cent.  Figs.  38  and  39. — F.  annosus  on  different  concentrations  of  cresol  calcium 
after  about  6  weeks:  38,  On  0.14  per  cent;  39,  on  0.28  per  cent. 
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Toxicity  Studies:  Petri-Dish  Cultures  of  Fomes  annosus  and  Fomes  pinicola.HII. 

Figs.  40  to  45.— J*,  pinkola  on  different  concentrations  of  wood  tar  (hardwood)  after  2  weeks: 
40,  Check;  41,  on  0.2  per  cent;  42,  on  0.3  per  cent;  43,  on  0.4  per  cent;  44.  on  0.5  per  cent;  45,  on 
0.6  per  cent.  Figs.  40  to  48. — F,  annoaua  on  different  concentrations  of  wood  tar  (hardwood) 
after  about  3  weeks:  46,  On  0.1  per  cent;  47,  on  0.5  per  cent;  48,  check.  Fios.  40  to  51.—/; 
annosus  on  different  concentrations  of  copperized  oil:  49.  On  0.5  i>er  cent  after  aboat  3  weeks: 
60,  on  1.75  per  cent  after  about  3  weeks;  51,  on  36  per  cent  after  about  5}^  weeks.  Fio.  52. — 
F.  pinicola  on  50  per  cent  concentration  of  None-Such  Special  after  about  3Hweeks.  Fios.  53 
and  54.— F.  pinkola  on  different  concentrations  of  zinc  chlorid  (commercial)  after  4  weeks: 
53,  On  0.7  per  cent;  54,  on  0.75  per  cent. 
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In  a  few  instances  where  the  preservatives  were  low  in  toxic 
properties  more  than  the  specified  3  c.  c.  was  necessary  in  order  to 
secure  the  higher  concentrations,  and  in  these  cases  it  became  nec- 
essary to  take  into  consideration  the  excess  of  preservative,  and, 
considering  it  roughly  as  having  the  specific  gravity  of  water,  to 
reduce  the  agar  by  just  this  amount,  in  order  that  the  combined  vol- 
mne  might  not  exceed  20  c.  c. 

The'^oncentrations  to  be  used  in  the  first  series^  of  experiments  on 
a  given  preservative  were  governed  largely  by  the  judgment  of  the 
investigator.  The  results  thus  obtained  usually  determined  between 
what  limits  it  was  necessary  to  continue  the  work.  The  experiments 
were  then  carried  on  between  these  points,  usually  to  within  an  accu- 
racy of  about  10  per  cent  for  the  actual  and  total  inhibition  point 
for  each  preservative.  Thus,  if  growth  stopped  at  0.5  per  cent  or 
below,  the  tests  were  carried  to  the  nearest  0.05  per  cent;  if  between 
0.5  and  1  per  cent  they  were  carried  to  the  nearest  0.1  per  cent,  and 
so  on  up  to  the  highest  concentrations  employed,  usually  40  per  cent, 
which  would  thus  be  tested  to  the  nearest  4  per  cent.  This  40  per 
cent  concentration  is  equivalent  to  an  injection  of  24.9  pounds  of 
the  preservative  per  cubic  foot,  and  it  was  thought  imnecessary  from 
a  practical  standpoint  to  go  above  this  point. 

After  the  proper  quantities  of  preservative  had  been  placed  in 
50-c.  c,  glass-stoppered  bottles,  these  were  sealed  and  sterilized  in 
exactly  the  same  way  as  the  agar  bottles  and  along  with  them. 

As  a  few  experimental  weighings  before  and  after  steriUzation  indi- 
cated that  no  loss  occurred,  even  of  such  volatile  substances  as  aie 
contained  in  the  lowest  fractions  of  coal-tar  creosote,  the  method 
may  bo  considered  safe. 

After  sterilization,  both  the  agar  and  preservative  bottles  were 
heated  on  the  water  bath,  then  transferred  to  a  sterile  culture  case 
(PL  I,  fig.  2),  where  the  hot  agar  was  poured  into  the  preservative 
bottle  and  thoroughly  mixed.  In  some  cases  one  or  two  sterile  glass 
beads  were  added  to  the  preservative  bottles  to  facilitate  the  mixing. 
These  were  removed  later. 

The  agar-preservative  mixtures  were  then  poured  into  sterile  Petri 
dishes  100  mm.  in  diameter  and  10  mm.  deep.  After  oooUng,  each 
plate  was  inoculated  at  the  center  with  a  weft  of  myceUum  5  or  6 
mm.  square,  cut  from  a  Petri-dish  culture  (PI.  I,  fig.  3)  2  to  3  weeks 
old  of  the  fungus  desired,  either  Fames  annosus  Fr.  or  Fames  pinicala 
(Sw.)  Fr.  The  dishes  thus  prepared  were  then  placed  in  an  incu- 
bator and  held  at  approximately  25**  C.  for  periods  varying  from  4 
to  10  weeks,  usually  from  4  to  6. 

1 A  aedes  consists  of  a  set  of  progressively  increasing  concentrations  of  a  given  preservative,  tested  at 
the  same  time  against  the  action  of  a  single  fungus. 

88S40*»— Bull.  227—15 3 
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In  addition  to  the  p#ssibility,  in  some  instances,  of  chemical 
combinations  between  the  preservative  and  the  media,  there  will  also 
necessarily  bo  a  slight  change  in  concentration,  due  to  the  drying 
out  of  the  media  when  held  in  Petri  dishes  for  six  to  eight  weeks. 
Likewise,  during  this  interval  of  time  certain  volatile  constituents, 
particularly  the  lighter  oils,  may  escape  from  the  media. 

In  recording  observations  of  the  behavior  of  the  fungi  toward  the 
preservative,  rapidity  and  amphtude  of  growth,  together  with  any- 
other  peculiarities  m  appearance,  were  noted,  iospection  being  made 
about  once  a  week. 

One  very  interesting  feature  of  the  tests  was  the  development  of 
a  '*halo"  around  either  the  living  or  the  dead  transfers,  or  in  advance 
of  the  fungous  growth  on  the  check  cultures.  These  halos  differed  in 
appearance  on  the  different  preservatives,  sometimes  being  lighter, 
sometimes  dark(T,  than  the  surrounding  medium.  In  order  to  deter- 
mine whether  the  change  was  duo  to  advance  submerged  hyphae, 
several  transfers  were  made  from  the  halos  to  fresh  sterile  agar,  but 
as  no  living  organisms  were  demonstrated  by  this  test  or  by  micro- 
scopical examination  to  be  present  it  appears  to  be  an  advance 
physicochemical  change  in  the  media,  arising,  perhaps,  from  the  dif- 
fusion of  enzyms  from  the  transfer,  as  Kellerman  (15)  has  recently 
demonstrated  for  cytase  produced  in  fungus  cultiu'es. 

DEVELOPMENT  OF  FOMES  ANNOSUS  AND  FOMES  PINICOLA. 

IN  NONTOXIC  CHECK   CULTURES. 

In  the  check  cultures,  Fomes  annosus  produces  a  rather  compact 
creamy  growth  (PI.  II,  fig.  20,  and  PI.  IV,  fig.  48),  forming  an  abun- 
dance of  the  characteristic  conidia  described  by  Brefeld.  F,  pinicola 
(PI.  I,  fig.  4;  PL  III,  fig.  31;  and  PI.  IV,  fig.  40),  on  the  other  hand, 
develops  a  fluffy,  deep,  white  myceUima  of  considerably  more  rapid 
growth  than  F.  annosus.  At  25°  C,  F,  pinicola  develops  a  radial 
growth  of  24  mm.  in  9  days  (average  of  14  tests)  and  covers  the  plate 
in  15  days  (15  tests);  F.  annosus  develops  15  mm.  in  8§  days  (19 
tests)  and  covers  the  plate  in  20 i  days  (12  tests). 

IN  CULTURES  CONTAINING  TOXIC  SUBSTANCES. 

The  rate  of  growth  of  each  of  these  two  fungi  on  toxio  media  is 
usually  considerably  retarded,  in  many  cases  strongly  so,  as  com- 
pared with  check  cultures.  In  some  instances  where  very  low  con- 
centration3  of  certain  substances  are  used,  a  stimulating  effect  is  ob- 
served, but  this  condition  is  reversed  with  increased  concentrations. 
The  stimulated  growth  on  zinc-chlorid  concentrations  when  heated 
in  the  presonco  of  the  culture  media  (such  concentrationa  often  being 
far  above  those  necessary  to  kill  when  not  so  heated  together)  is 
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readily  explained  on  the  basis  of  chemical  combination  with  the 
media. 

The  length  of  time  required  to  make  an  initial  growth  on  different 
toxic  media  varies  from  a  very  few  days  up  to  seyen  weeks  or  more; 
dieck  cultures  usually  start  within  two  or  three  da]:B.  Table  I 
illustrates  this  for  a  few  preservatives. 

Table  I. — Time  required  by  Fames  annosus  on  OJper  cent  eoneerUraHoru  and  F.tnnicola 
on  0.1  per  cent  concentrations  to  make  initial  growth  from  mycelium  at  tS    C. 


It  is  thus  seen  that  no  growth  demonstrable  to  the  naked  eye  on 
any  of  the  concentrations  mentioned  occurred  within  a  period  of  two 
weeks,  and  the  error  which  would  occur  in  discontinuing  the  tests 
at  the  end  of  8  to  10  days,  as  several  investigators  have  done,  becomes 
very  evident. 

RECORD  OF  TVSTS  CONDUCTED. 

A  description  of  each  of  the  18  preservatives  used,  accompanied 
by  individual  tables  and  notes  showing  the  rate,  ampUtude,  and 
appearance  of  growth  on  the  diflFerent  concentrations,  as  compared 
with  the  check  cultures,  is  given  on  the  following  pages.  Under  the 
heading  ''Concentration  of  the  pr^ervative"  in  each  table  the  average 
radial  distance  to  which  the  fungus  has  grown  from  the  margin  of  the 
transfer  at  the  end  of  the  test  is  indicated  by  niunerals,^  the  position 
of  the  first  zero  marking  the  killing  point:  Thus,  4  =  30  to  40  mm.; 
3=20  to  30  nam.;  2  =  10  to  20  mm.;  1  =  1  to  lOnun.;  0  =  no  growth. 

Sodium  fluorid, 
[Laboratory  sample  No.  1939.    Purchased  from  Eimer  &  Amend,  Qiioago,  TXX.] 


Fongw. 

Tests. 

Times 
kiUlng 
point 
veri- 
fied. 

CoDoentratkm  of  the  preservative  (per 
cent). 

Number. 

DuratioD. 

0.06 

0.1 

0.15 

0.2 

0.26 

Check. 

Fames  annosos 

F.phiicola 

i! 

WeeU. 
4 

5to7 

1 
1 

4 
3 

3 

2 

2 
0 

1 

0 

4 

4 

>  Itshoold  be  kept  in  mind  that  the  growth  rate  designated  as  "  4  "  is  not  necessarily  the  same  on  difTerent 
preservatives  or  olilerent  ooocentratfons  of  the  same  preservative.  All  cultures  which  have  produced 
t|ao»th  of  at  least  30  to  40  mm.  radius  at  the  end  of  the  test  are  included.  Some  of  those  may  have  reached 
thisp<]^t  In  two  to  three  weeks,  as  in  the  case  of  the  checks,  while  others  may  have  required  the  full  test 
period;  heooe,  the  data  as  presented  show  only  the  relative  retarding  effect  of  the  higher  concentrations. 
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Fames  annotus:  In  one  week,  the  radial  growth  of  the  check  was  15  mm.;  0.05  per 
cent,  20  mm.;  0.1  per  cent,  15  mm.;  0.15  per  cent,  3  mm.  In  four  weeks  concentra- 
tions up  to  0.15  per  cent  showed  20  to  30  mm. ;  0.2  per  cent,  about  2  mm.  Thus,  the 
rate  of  growth  on  0.05  and  0.1  per  cent  concentrations  equaled  or  exceeded  that  of  the 
checks,  but  the  higher  concentrations  produced  a  decided  inhibition.  The  growtJi 
on  the  toxic  madia  appeared  very  much  as  on  the  check. 

Fames  pinicola:  In  two  weeks,  the  radial  growth  of  the  check  was  40  mm.;  0.05  per 
cent,  9  mm. ;  0.1  per  cent,  4  mm. ;  no  growth  on  0.15  per  cent.  After  four  to  six  weeks, 
nogrowth  on0.15  per  cent.  Thegrowth  on  the  toxic  media  was  fluffy,  white,  and  quite 
similar  in  appearance  to  that  on  the  check. 

Zinc  chlarid. 
(PI.  IV,  figs.  53  and  54.) 

[Laboratory  sample  No.  2280.    Cooperator,  Grasselli  Chemical  Co.,  Cleveland,  Ohio.    Commercial  salt, 
meetizig  the  spedflcatlons  of  the  American  Railway  Engineering  and  Maintenance-of-Way  Associatian.] 


Tests. 

Times 
kiUing 

Concentration  of  the  preservative  (per  cent). 

Fungus. 

Num- 
ber. 

Dura- 
tion. 

potat 
veri- 
fied. 

0.3 

0.2 

0.3 

0.4 

0.45 

0.475 

0.5 

0.6 

0.66 

0.7 

0.75 

Check. 

Fomes  annosus . 

33 
33 

Weekt. 
5to8 
4to8 

1 
2 

4 

1 

1 

1 

1 

1 

0 

4 

F.  pinicola 

4 

4 

4 

0 

4 

Fam£s  annosus:  In  18  days,  the  radisd  growth  of  the  checks  reached  about  35  mm.; 
0.05  per  cent,  about  equal  to  check;  0.15  per  cent,  8  mm. ;  0.3  per  cent,  1  mm.  There 
was  usually  no  growth  on  higher  concentrations  until  after  about  four  weeks,  and  it 
was  comparatively  slight  even  after  six  to  eight  weeks,  reaching  only  1  to  8  mm.  The 
toxic  cultures  generally  were  denser  and  of  brighter  tan  color  than  the  check. 

Fames  pinicola:  In  two  weeks,  the  radial  growth  of  the  check  reached  40  mm.;  0.6 
and  0.7  per  cent,  10  mm.  After  four  weeks,  0.6  and  0.7  per  cent  reached  35  mm.  On 
the  lower  concentrations  the  growth  was  more  fluffy  than  that  on  the  check. 


Sapwood  antiseptic. 


[Laboratory  sample  No.  1611.  Cooperator,  J.  M.  Lon?,  Chicago,  111.  Formula  (by  weidit,  In  water  so 
tion):  NaCl,  2.W  per  cent;  CaSOi,  0.246  per  cent;  2nSO«+7  HjO,  0.246  per  cent;  CifiOi+S  HjO,  0. 
per  cent;  FeB04+4  H«0, 0.0606  per  cent.] 


,  In  watCT  solu- 
"182 


Tests. 

Times 
killing 

Concentration  of  the  preservative  (per  cent). 

Fimgns. 

Num- 
ber. 

Dura- 
tion. 

pohit 
veri- 
fied. 

161 
4 

25 

- 

30 
3 

50 

60 

75 

1 

Check. 

Fomes  annosus 

17 

Weeks. 
4to5 

2 

2 

4 

Fames  annosus:  In  about  three  weeks  the  radial  growth  of  check  reached  40  mm.; 
50  per  cent,  10  to  15  mm.;  75  per  cent,  very  slight  growth.  Penicillium  develoi>ed 
abundantly  on  100  per  cent.  The  preservative  up  to  25  per  cent  concentration 
showed  a  decided  stimulating  effect. 

The  first  concentration  is  based  on  the  solution,  as  given  above,  which  was  prepared 
and  submitted  by  the  cooperator.  Above  16}  per  cent  it  was  necessary  to  use  a  mote 
concentrated  solution,  and  a  strength  six  times  the  original  formula  was  prepared . 
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Coat-tar  creosote^  grade  C, 

(PI.  I,  figs.  5  to  9.) 

ILftbofmtory  sample  No.  1074.  Purchased  from  the  Creosote  Supply  Co.,  Chalmette.  La.  Liquid  at  room 
tempenUure,  a.4  per  cent  wato-;  specific  gravity,  1.0483  at  60**  C. ;  flash  point,  93**  C.;  burning  point,  100* 
C.;  11  per  cent  distills  below  205*  C.;  54.1  per  cent  distills  below  275*  C;  74.1  per  cent  distills  below  320*  C] 


Fungus. 

Tests. 

M  ^ 

Concentration  of  the  preservative  (per  cent). 

Num- 
ber. 

Dura- 
tion. 

s 

«5 

s 

c5 

c5 

d 

d 

d 

d 

d 

d 

i 

t 

44 
21 

Wetkt, 
4to8 
4to6 

1 
1 

2 
1 

1 
0 

1 

1 

1 

1 

1 

0 

4 

F,  pfn^^?^ 

3  f    ^ 

1 

4 

>  Tbese  TBlues  are  based  on  gum-arabic  emulsions.  Later  work,  using  the  pure  preservative,  indicates 
tint  the  toxlo  point  may  f^  somewhat  lower. 

Fomes  annosiu:  In  17  days  the  radial  growth  of  the  check  reached  about  40  mm.; 
0.2  and  0.275  per  cent  showed  initial  growth  only.  In  three  to  four  weeks,  0.2  per 
cent  showed  10  mm.;  0.25  to  0.5  per  cent,  2  to  3  mm.  In  six  weeks,  0.526  per  cent 
flhowed  only  initial  growth.  In  seven  weeks,  0.5  and  0.525  per  cent  reached  2  to  9 
nmu  The  growth  on  the  toxic  media  was  about  the  same  in  appearance  as  on  the 
check. 

Fomes  pinicola:  In  two  weeks  the  radial  growth  of  the  check  reached  about  40  mm. ; 
0.075  per  cent,  3  mm. ;  no  growth  above  this  point.  In  four  weeks,  0.075  per  cent 
showed  25  mm. ;  0.1  per  cent,  13  mm. ;  0.15  per  cent,  6  mm.  After  ^ve  weeks,  0.175 
and  0.2  per  cent  reached  3  mm. ;  above  this  point  all  growth  was  inhibited.  The 
giowth  on  the  toxic  media  was  dull  white,  with  a  crinkled  edge. 

Coal-Utr  creosoUf  Fraction  L 

(PI.  II,  figs.  10  and  11.) 


(Lftbontory  sam 


pie  No.  1094.    Cooperator,  Semet-Solvav  Co.,  Ensley,  Ala.    Light  liquid  at  room  tem- 
Ic  gravity,  0.934  at  60**  C;  flash  point,  62**  C;  bummg  i>oint,  ^**  C;  78.3  per  cent  dis- 
•C.J 


Fungus. 

Tests. 

Times 
killing 
point 
veri- 
fied. 

Concentration  of  the  preservative  (per 
cent). 

Num- 
ber. 

Dura- 
tion. 

0.2 

0.235 

0.25 

0.275 

0.3 

Check. 

rff—»f»  fmnofww. .        .       

33 

Weeks. 
4to6 
4to6 

3 
1 

4 
4 

4 

0 

2 

1 

0 

4 

r  niniffolft 

13 

4 

Foma  annosus:  In  10  to  14  days  the  radial  growth  of  the  check  reached  20  mm.; 
0^  to  0.25  per  cent,  from  1  to  4  mm.  In  four  weeks,  0.2  to  0.225  per  cent  reached  30 
mm.;  0.25  to  0.275  per  cent,  from  7  to  10  mm. ;  no  grpwth  at  0.3  per  cent.  The  toxic 
mlturee  produced  a  thin,  stringy  growth. 

Fomes  pinicola:  In  two  weeks  the  radial  growth  of  the  check  reached  40  mm.; 
0.2  per  cent,  1  mm.  In  four  weeks,  0.2  per  cent  reached  40  mm.;  no  growth  above 
this  ii€»int.  The  toxic  cultures  produced  a  fluffy  white  growth,  similar  in  appearance 
to  that  on  the  check. 
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Coal-tar  creosote^  Fraction  II. 
(PL  II,  figs.  12  and  13.) 


[Laboratory  sample  No.  1106.  Cooperator.  Semet-Solvav  Co.,  Ensley.  Ala.  Naphthalene  odor;  nearly 
solid  at  room  temperature;  specific  pravitv,  1.003  at  60'*  C:  flash  point,  79*  C;  burning  pohit,  85*  C; 
9  per  cent  distills  below  205*  r.;  9.i.9  per  cent  distills  below  287*  ('.] 


1        Tests. 

Times 
killing 
point 
veri- 
fied. 

('oacantration  of  the  preservative  (per  cent). 

Fungus. 

Num- 
ber. 

Dura- 
tion. 

Weeks. 
5  to  9 
4to5 

0.1 

O.!!-) 

0.15 

0.175 

0.2 

0.225 

Check. 

Fomes  annosus 

!      20 

2 

4 

3 

2 

I 

1 

0 

4 

F.pinicola 

i  '^ 

4            U 

4 

Fomes  annosus:  In  two  weeks  the  radial  pnrowth  of  the  check  reached  20  mm.;  no 
growth  on  0.15  per  cent  and  above.  In  four  weeks,  no  growth  on  0.225  per  cent.  In 
six  weeks,  0.15  per  cent  reached  12  mm.;  0.2  per  cent,  6  mm.;  no  growth  on  0.225 
por  cent.    The  growth  on  the  toxic  media  was  compact  and  creamy  in  color. 

Fomes  pinicola:  In  two  weeks  the  radial  growth  of  the  check  reached  40  mm.;  no 
growth  on  0.125  per  cent.  In  four  weeks  0.1  and  0.125  per  cent  reached  40  mm.;  no 
growth  above  this  p)oint.  The  growth  on  the  toxic  media  wa«  a  dingy  white  and  less 
fluffy  than  that  on  the  check. 

Coal-tar  creosote,  Fraction  III. 


(PI.  Ill,  %.  :U).) 


[Laboratory  sample  No.  1 107. 
specific  gravity,  1.045  at  60' 
215T.;  4.7  per  cent  distills  below  275"  C 


Cooperator,  Semet-Solvay  Co.,  Ensley,  Ala. 
specific  Rravlty,  1.045  at  60*  C;  flash  point, 


Liquid  at  room  temperature; 

,  103'  C;  burning  point,  110'  C;  0.9  per  cent  distills  below 

;  fraction  from  1 70'  to  245 '  (\  more  or  less  solid  with  naphthalene.  ] 


Tests. 
_        j 

Num-,  Dura- 
]>er.  j    tion. 

Times 

killing 

point 

verified. 

Concentration  of  the  preservative  (per  cent). 

Fungus. 

d 

i 

d 

d 

d 

•0 

d 

1 

d 
1 

d 

3 

^ 
n 

0 

^ 

Fomes  annosus 

Weekt. ! 
60     4  to  12  1           2 
14  '  4  to  7  I            1 

1 

1 

0 

4 

F.  pinicola 

■■3'r   i 

1 

0 

4 

»  The  radial  growth  of  Fomes  annosus  on  concentrations  above  0.2  per  cent  is  very  slight,  usually  not 
exceeding  1  mm.,  and  the  actual  toxic  point  is  difficult  to  locate.     It  lies  between  0.25  and 0.35 percent. 

Fomes  annosus:  In  19  days  the  radial  growth  of  the  check  reached  40  mm.;  0.15  and 
0.175  per  cent,  1  or  2  mm.  In  five  to  six  weeks  0.3  per  cent  showed  1  mm.  and  lower 
concentrations  1  to  5  mm.  The  growth  on  the  toxic  media  was  creamy  and  slightly 
lighter  than  that  on  the  check. 

Fomes  pinicola:  In  two  weeks  the  radial  growth  of  the  check  reached  40  mm.  In 
about  one  month  0.05  per  cent  showed  3  mm. ;  0.075  per  cent,  2  mm.  In  about  seven 
weeks  0.1  per  cent  showed  initial  growth;  lower  concentrations  from  16  to  23  mm. 
The  growth  on  the  toxic  media  was  a  fluffy  white  on  the  lower  concentrations;  denser 
on  0.1  per  cent. 
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{Laboratery  ample  No.  1  lOB. 

specifie  grsvity, "" 

245*C.;M^per 


Coal-tar  creosote ^  Fraction  IV. 
(PI.  II,  figs.  14  to  19.) 

;>le  No.  1  lOB.  Cooperator,  Semet-Solvay  Co. ,  E 
,  1.088  at  60*  C;  flash  point,  130*  C;  burning 
r  cent  distills  below  320*  C.  ] 


Ensley ,  Ala.    liquid  at  room  temperature ; 
potait,  136*  C;  0.0  per  cent  distills  below 


Tests. 

Times 

IrilHrig 

Conoentration  of  the  preservative  (per  cent). 

Fimgiis. 

Num- 
ber. 

Dura- 
tion. 

point 
verified. 

o 

i 

i 

d 

d 

d 

o 

N 

CO 

1 

75 
23 

Weeks, 

5tOl2 
5  to8 

1 

1 

2 

2 

1 

1 

1 

0 

4 

F.pinfn^a 

3 

2 

2 

1 

0 

4 

1  Tbe  fsnnrth  of  Fomes  annotut  on  concentrations  above  2  per  cent  is  verv  slight,  usually  not  exceeding 
1  Bim.  In  six  weeks,  and  the  actual  toxic  point  is  difficult  to  locate.    It  lies  between  2.5  ana  3.5  per  cent. 

Fome9  anTiosus:  In  12  days,  the  radial  growth  of  the  check  reached  25  mm.;  very 
dig^t  growth  on  0.2  to  0.5  per  cent.  In  18  days,  0.8  to  3  per  cent  reached  1  to  4  mm. 
In  four  weeks,  1.25  to  3  per  cent  reached  1  to  5  mm.  The  growth  on  the  toxic  media 
was  usually  darker  than  on  the  check. 

FoTnes  pinicola:  In  two  weeks,  the  radial  growth  of  the  check  reached  40  mm.; 
no  growth  on  0.025  per  cent.  In  four  weeks,  0.025  per  cent  showed  2  mm. ;  no  growth 
on  hi^er  concentrations.  In  eight  weeks,  0.025  per  cent  inched  25  mm.;  0.05  per 
cent,  15  mm. ;  0.075  per  cent,  10  mm. ;  0.1  per  cent,  2  mm. ;  no  growth  above  this  point. 
The  growth  on  the  toxic  cultures  was  dull,  compact,  and  crinkled. 

Coal-tar  creosote^  Fraction  V. 

(PI.  II,  figs.  21  to  24.) 

rLabormtory  sample  No.  1109.  Cooperator,  Semet-Solvay  Co.,  Ensley,  Ala.  Heavy,  tarry  liquid;  specific 
gmrity,  llfiO  at  60*  C;  flash  pohit,  172*  C;  burning  point,  178'  C;  lai  per  cent  distills  below  320*  C; 
S.3  per  cent  distills  below  380'^C.] 


Tests. 

Times 

kilUng 

pohit 

verified. 

Concentration  of  the  preservative  (per  cent). 

Pangus. 

Num- 
ber. 

Dura- 
tion. 

0.1 

0.5 

1 

7 

7.8 

'h' 

8 

30 

331 

Check. 

P  piniralft 

42 
30 

Weeks. 
4to0 
4to8 

0 
0 

4 

3 

2 
2 

2 
1 

1 

1 

0 

4 
4 

^  Th3se  values  are  based  on  gum-arabio  emulsions. 

Fames  armosus:  In  10  to  14  days,  the  radial  growth  of  the  check  reached  about 
40  mm. ;  5.5  to  30  per  cent  showed  1  to  4  mm.  In  four  weeks,  5.5  to  7 .5  per  cent  reached 
8  to  15  mm. ;  15  and  25  per  cent,  2  mm. ;  no  growth  on  20  per  cent  gum-arabic  emulsion. 
The  growth  on  the  toxic  media  was  dense  and  creamy  on  the  lower  concentrations; 
submerged  at  first  on  the  higher  concentrations. 

Femes  pinicola:  In  two  weeks,  the  radial  growth  of  the  check  reached  40  mm.; 
in  three  weeks,  1  to  2  per  cent  showed  initial  growth;  in  four  weeks,  3  to  6.5  per  cent 
showed  first  growth;  after  eight  weeks,  4.5  to  5  per  cent  reached  10  to  20  mm.  The 
growth  on  the  lower  concentrations  of  the  toxic  media  was  white  and  fluffy;  on  the 
higher  concentrations  it  was  tawny  and  radiate,  with  a  crinkled  edge. 
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Avenarius  carbolineum. 


[Laboratory  sample  No.  1^3.  Cooperator.  Carbolintftim  Wood  Presorving  Co.,  Mflwaukee,  Wis.  Thiek 
liquid  at  room  temperature;  spedfio  gravity,  1.126  at  16.5*  C;  flash  point,  139*  C;  burning  point,  166*  (X; 
1.1  per  cent  distills  below  215*^0.;  6.1  per  cent  distills  below  275*  C;  1.91  per  cent  tar  acids.] 


Tests. 

Times 

killing 

point 

verified. 

Concentration  of  the  preservati\  3  (per  cent). 

Fungus. 

Num- 
ber. 

Durar 
tion. 

0.176 

0.276 

0.3 

0.8 

1 

4 

5 

6.26 

Check. 

Fomcs  annosus 

53 
18 

Weeks. 

4  to  10 

5  to  6 

1 
2 

2 

0 

2 

1 

1 

1 

0 

4 

F  Dinicola 

1 

1 

4 

Forties  annosus:  In  18  days,  the  radial  growth  of  the  check  reached  nearly  40  mm.; 
0.3  per  cent,  17  mm.;  higher  concentrations  up  to  4  per  cent  showed  1  to  6  mm.  In 
four  to  six  weeks,  5  per  cent  reached  1  myn.  The  growth  on  the  toxic  media  was 
similar  in  appearance  to  that  on  the  check. 

Forms  pinicola:  In  two  weeks  the  radial  growth  of  the  check  reached  40  mm.;  0.176 
per  cent  showed  no  growth.  In  four  weeks,  0.175  to  0.275  per  cent  reached  1  mm. 
The  growth  on  the  toxic  media  was  compact  and  darker  than  that  on  the  check. 

S.  P.  F.  carbolineum. 

(PI.  Ill,  fig.  29.) 

[Laboratory  sample  No.  1S44.  Cooperator,  Bnmo-Groscho  <fe  Co.,  New  York,  N.  Y.  Thick  brown  liquid, 
specific  gravity,  1.127  at  16**  C;  flash  point,  133**  C:  burning  point,  157**  C.:  less  than  9  per  cent  distills 
below  245"  C;  about  30  per  cent  distills  below  320*  C;  2.42  per  cent  tar  acids.] 


Tests. 

Times 
verified. 

Concentration  of  the  preservative  (per  cent). 

Fungus. 

Num 
ber. 

Dura- 
tion. 

1 

1.5 

1.75 

2 

3 

4 

4.5 » 

Check. 

Fomes  annosus 

73 

Weeks. 
5  to  8 

2 

1 

1 

1 

1 

1 

1 

0 

4 

»  The  growth  of  Fomes  annosus  on  concentrations  above  3  per  cent  is  very  slight,  usually  not  exoeedtn^ 
1  mm.  in  six  weeks,  and  the  actual  toxic  point  is  difficult  to  locate.    It  lies  between  4  and  5  per  oent. 

Fomes  annosus:  In  four  weeks  the  radial  growth  of  the  check  reached  about  40  mm.; 
1  and  1.5  per  cent.  1  mm.  In  six  weeks,  1  and  1.5  per  cent  showed  5  mm.;  1.75  to 
4  per  cent,  1  to  5  mm.  Tests  were  not  made  on  concentrations  below  1  per  cent. 
The  growth  on  the  toxic  media  was  quite  similar  in  appearance  to  that  on  the  check. 

Water-gas  tar  distillate. 

(PI.  Ill,  figs.  27  and  28.) 

(Laboratory  sample  No.  2235.  Cooperator.  United  Gas  Improvement  Co.,  Philadelphia,  Pa.  Qreeoish 
brown  liquid;  specifle  gravity,  0.995  at  60'  C;  flash  point,  81'  C;  burning  point,  OS**  C;  3.3  per  oent 
distills  below  ISO*  C:  61.7  per  cent  distills  below  275'  6,;  80.3  per  cent  distilb  below  320*  C.l 


Tests. 

Times 

killinK 

point 

verified. 

Concentration  of  the  preservative  (per  oent). 

Fungus. 

Num- 
ber. 

Dura- 
tion. 

0.1 

0.2    0.3 

0.35 

0.4 

0.45 

0.5 

0.6 

a65 

Check. 

Fomes  annosus 

as 

Weeks. 
5  to  8 

0 

4 

3'    2 

2 

1 

1 

1 

1 

0 

4 
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P(mut  armoms:  In  12  days  the  radial  growth  of  the  check  reached  15  mm.;  0.1  per 
cent,  2  mm.  In  three  weeks,  0.1  per  cent  showed  about  20  mm.;  0.2  per  cent,  5  mm. 
In  dx  weeks,  0.2  per  cent  reached  17  mm.;  0.25  per  cent,  15  mm.;  0.3  per  cent,  5  mm.; 
0.35  to  0.6  per  cent,  from  1  to  12  mm.  The  growth  on  the  toxic  media  was  of  a  brighter 
creamy  appearance  than  that  on  the  check. 

United  Cros  Improvement  Co.  1,07  oil  {water-gas  tar  distillate). 
(PI.  Ill,  figs.  25  and  26.) 

(Labontory  aample  No.  IIOL  Coqpenttor,  United  Oas  Improvement  Co..  PhiladelphJa,  Pa.  Mobile,  ofly 
ISqnid,  wtthkeroaeDeodor;  spedlfe  gravity,  1.068at  60*  C;  flash  point,  48*  C;  bumtogpoint,  65*C.;  9.04 
per  cent  distflls  below  a06*C.;  34.34  per  cent  distiUs  below  315*  C;  67.9  per  cent  distmsbelow  378*0.] 


'Pests. 

Times 
killing 

Concentration  of  the  preservative  (per  cent). 

Pan^us. 

Num- 
ber. 

Dnra- 
ticn. 

point 
veri- 
fied. 

d 

eo 

eo 

*o 

to 

2 

o 

^ 

8 

S 

1 

Twijift  mnotras 

31 
32 

Weelu. 
4  to  8.. 

4 

4 
2 

3 
2 

2 
2 

2 

1 
1 

1 

1 
1 

4 

F.  pfaifm>lA .               

4to5.. 

2 

1 

4 

Fames  annosus:  In  10  to  14  days,  the  radial  growth  of  the  check  reached  28  mm.; 
40  and  50  per  cent,  2  mm.  In  four  to  six  weeks,  40  and  50  per  cent  showed  nearly  10 
mm.  The  growth  on  the  toxic  media  appeared  denser  and  of  a  brighter  tan  color  than 
that  on  the  check. 

Fames  pmieola:  In  two  weeks,  the  radial  growth  of  the  check  reached  almost  40 
mm.;  3  to  29  per  cent,  2  to  7  mm.  In  four  to  five  weeks  all  concentrations  between 
3  and  40  per  cent  showed  2  to  15  mm.  The  growth  on  the  toxic  media  appeared 
velvety,  compact,  and  creamy,  while  that  on  the  check  was  a  fluffy  white. 

Wood  tar  (hardwood). 

(PI.  IV,  figs.  41-47.) 


ILabcntarr  sample  No.  166L    Cooperator,  Harden,  Orth  &  Hastings.  Chicago, 
viChpyroUBDeoosodor;  specific  cavity,  1.196  at  60*  C;  flash  point,  w*C.;  eoi 


^  ,  HI.    Black,  viscous  liqoid, 

»'»ifcn  |rji  ira^in—irniT  innn  |    ojjr!^»im»  fc*«»>*vj  ,  *.*^u  mi>  w    '«^.  i    n.waaj  |#^«&uh,  w     ■y-'m  t   C(HlI>aniS  ^4  pCr  CCni  WaCeT J    11.7 

per  eent  distilb  below  106^  C;  50.0  per  cent  distills  below  244*  C;  decomposition  occurs  above  230*.] 


Tests. 

Times 
killing 
potaf 
veri- 
fied. 

Concentration  of  the  preservative  (per  cent). 

Fungus. 

Num- 
ber. 

Ihira- 

tiGQ. 

0.2 

0.5 

0.7 

0.75 

0.9 

1 

1.25 » 

Check. 

50 
80 

4to6.. 
4to5.. 

0 
1 

'"4* 

4 
4 

"'4' 

4 
0 

4 

2 

0 

4 

T.  TTfnirKTl^ 

4 

1  Based  on  gum-arabic  emulsions. 

Fames  annosiu:  In  9  to  10  days,  the  radial  growth  of  the  check  reached  12  mm.; 
t^^  to  0.8  per  cent,  1  to  2  mm.  In  two  to  four  weeks  the  check  reached  40  mm.  and 
coocentxations  up  to  1  per  cent  showed  10  to  35  mm.  The  growth  on  the  toxic  media 
was  dazk  creamy  and  somewhat  denser  than  that  on  the  check. 

Fomes  pinicola:  In  two  weeks  the  radial  growth  of  the  check  reached  40  mm. ;  0.5  per 
emt,  10  mm.;  nogrowth  above  this.  In  four  to  five  weeks  0.2  to  0.7  per  centshowed  40 
mm. ;  0.725  per  cent,  10  mm. ;  no  growth  on  higher  concentrations.  The  growth  on  the 
toxic  media  was  luxuriant,  white,  and  fluffy. 
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Wood  creosote  (Douglas  fir) . 

(PI.  Ill,  figa.  32-^7.) 

(Laboratory  sample  No.  1099.  Cooperator,  Logged-Ofl  Land  Utilisation  Co..  Seattle,  Wash.  Black 
liquid,  with  a  strong  pyroligneotis  odor;  specific  gravity,  1.062  at  ao*  C;  fltth  point,  45*  C;  bnmint 
point,  85*  C:  contains  8.35  per  cent  water;  7.55  per  cent  distills  below  100'  C;  54.60  per  cent  distDfi 
below  245*  C.l 


Tests. 

Times 
kiUhig 

Concentration  of  the  preservative  (per  cent). 

Fungus. 

Num- 
ber. 

Dura- 
Uon. 

point 
veri- 
fied. 

0.1 

0.126 

0.15 

0.2 

0.25 

0.4 

0.45 

0.6 

0.651 

Cheek. 

Fomesannosus... 
F.pinicola 

55 
26 

4to7 
4to6 

0 
0 

4 

4 

4* 

3 

4 

3 
0 

2 

2 

1 

1 

0 

4 

4 

1  These  values  are  based  on  gum-arabic  emulsions. 

Fomes  annosus:  Im  11  days  the  radial  growth  of  the  check  reachfMi  25  mm. ;  0.15  to 
0.30  per  cent  reached  3  to  6  mm.  In  15  days,  0.1  per  cent  showed  30  mm.  In  four 
weeks,  0.15  to  0.30  per  cent  reached  18  to  28  mm.  Usually,  from  foiir  to  six  weeks 
were  required  for  initial  growth  on  0.6  to  0.625  per  cent.  The  growth  on  the  toxic 
media  was  dense,  dark  creamy,  occasionally  zonate. 

Fomes  pinicola:  In  eight  days  the  radial  growth  of  the  check  reached  15  mm.; 
0.025  to  0.075  per  cent,  11  to  20  mm.  In  three  weeks,  0.025  to  0.1  per  cent  covered 
the  plates;  0.125  per  cent  reached  17  mm.;  0.15  per  cent  4  mm.  In  34  days  the 
initial  growth  appeared  on  0.175  per  cent.  The  growth  on  the  toxic  media  up  to 
0.125  per  cent  was  white  and  luxuriant,  exceeding  that  on  the  check. 

Cresol  caJdum. 

(PI.  Ill,  figs.  38  and  39.) 

[Laboratory  sample  No.  2086.    Cooperator,  Blagden,  Waugh  Sc  Co.,  London,  England.] 


Fungus. 

Tests. 

Times 

killing 

point 

verified. 

Concentration  of  ttie 
preservative  (per  cent). 

Number. 

Duration. 

0.14 

0.28 

Check. 

Fomes  annosus 

8 

Wetk9. 
4to7 

1 

4 

0 

4 

Fomes  annosus:  In  about  two  weeks  the  radial  growth  of  the  check  reached  20  mm. ; 
0.14  per  cent,  3  mm.  After  three  weeks  the  check  showed  30  mm.;  0.14  per  cent,  11 
mm.  After  six  weeks,  0.14  per  cent  reached  30  mm.;  no  growth  on  0.28  per  cent. 
The  growth  on  the  toxic  media  occurred  in  alternating  light  and  dark  zones. 

A  diversion  from  the  usual  method  of  weighing  the  preservative  was  necessary 
with  this  substance,  since  on  sterilizing  at  100^  C.  the  preservative  would  form  a  hard 
crust  on  the  sides  of  the  bottles.  To  obviate  this  difficulty,  the  average  weight  of  a 
drop  from  a  small  pipette  was  obtained  (four  tests).  This  was  foimd  to  be  28  milli- 
grams, the  drops  varying  not  over  2  or  3  milligrams.  The  preservative  was  then  added 
directly  to  the  media  bottles  in  quantities  of  one,  two,  three,  or  four  drops,  the  killing 
point  lying  between  one  and  two  drops,  which  corresponds  to  0.14  and  0.28  per  cent, 
respectively. 
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Copp€riz4d  oil, 
(PL  IV,  figB.  49to51.) 

{Laboratory  sample  Xo.  1095.  Cooperator ,  Ellis-Foster  Co. ,  New  York,  N.  Y.  Probably  a  crude  petroleum 
cootaining  a  slight  amount  of  copper  and  sufficient  vegetable  oil  to  form  a  homogeneous  solution:  specific 
entity,  0.937  at  25*  C;  flash  point,  12S*  C;  bumlni;  point,  IM*  C;  less  than  0.2  per  cent  distills  below 
215*  C:  30.2  per  cent  distills  below  320^  C;  about  SO  per  cent  distills  below  360*  C.;  copper  content.  0.34 
pacdt.] 


Tests. 

Times 

kOling 

point 

verified. 

Conecntration  of  the  preservative 
(per  cent). 

Txmgas. 

Num- 
ber. 

Duration- 

3 

5 

15 

30 

33 

36 

40 

Check. 

FamM  annosus 

40 
25 

Weeks. 
4to0 
4to6 

1 
1 

4 
4 

4 

4 

3 

4 

2 

2 

2 

0 

4 

4 

r.pmirnH 

4 

*"l  '" 

Fomes  anriosus:  In  18  to  22  days  the  radial  growth  of  the  check  reached  40  mm. ; 
the  toxic  concentrations  up  to  6.25  per  cent  showed  the  same  growth,  except  that 
the  check  was  denser.  In  about  three  weeks  15  to  30  per  cent  reached  1  to  11  mm. 
In  nine  weeks,  30,  33,  and  36  per  cent  showed  12  to  20  mm.  On  the  less  toxic  media 
•Itemating  zones  of  lighter  superficial  growth  and  darker  submeiged  growth  occurred. 
On  the  high  concentrations  either  a  black  submerged  growth  or  a  light-brown  super- 
ficial growth  appeared. 

Fomes  pinicola:  Iji  two  weeks  the  radial  growth  of  the  check  reached  40  mm.; 
15  to  26  i)er  cent,  20  to  27  mm. ;  40  per  cent,  2  mm.  In  six  weeks  all  concentrations 
op  to  40  per  cent  reached  about  40  mm.  The  growth  on  the  ttoxic  media  was  fluffy, 
but  darker  than  that  on  the  check. 

None-Such  Special. 
(PI.  IV,  fig.  52.) 

pLaboratory  sample  No.  2896.  Cooperator,  George  M.  Saums  Co.,  Trenton,  N.  7.  Yellow,  oily  liquid 
vith  strcHig  varnish  or  paint  odor;  claimed  by  the  manufacturers  to  waterproof  and  £^ve  a  hard  finish 
to  timber,  as  wdl  as  prevent  or  stop  decay;  chemical  composition  unknown  to  us.] 


Tests. 

Times 

killing 

pohit 

verified. 

Concentration  of  the  preservative  ( per  cent) . 

Fungns. 

Num- 
ber. 

Duration. 

1 

5 

15 

25 

30 

35 

40 

45 

Check. 

Foqi^  f^fmORQS      

2S 
29 

Weeks. 

4 

3to4 

4 
4 

4 
4 

4 
4 

4 

4 

4 

4 

4 
4 

4 
4 

4 

4 

F  pfaiicohi 

4 

* 

Fames  annosus:  In  10  to  14  days  the  radial  growth  of  the  check  reached  20  mm.; 
ooDcentrations  from  5  to  45  per  cent  showed  approximately  40  mm.  The  preservative 
appears  to  exert  a  nutritive  or  stimulative  effect,  rather  than  any  toxic  action,  although 
the  fungus  will  not  grow  on  the  pure  preservative.  The  growth  on  the  treated  media  is 
dark  and  submerged,  rising  to  the  surface  later  to  form  a  very  dense  creamy  mycelium. 

Fames  pinicola:  In  eight  days  the  radial  growth  of  the  check  reached  about  30  mm. ; 
0^  to  3  per  cent,  15  to  20  mm.  In  two  to  three  weeks  35  to  50  per  cent  showed  20 
to  40  mm.  The  growth  on  all  concentrations  up  to  50  per  cent  almost  equaled  that 
«i  the  check. 

DISCUSSION  OF  TESTS. 

Table  II  gives  the  results  of  investigations  in  our  laboratory  in 
the  use  of  such  preservatives  as  have  been  suflSciently  checked  to 
pennit  statements  regarding  their  toxicity  to  the  fungi  noted  under 
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the  test  conditions  outlined.  In  this  table  the  preservatives  are 
arranged  in  the  order  of  their  toxicity,  beginning  with  the  most 
toxic. 

Table  II. — KiUing  point  of  Forties  annosus  and  F.' pinicola  for  the  vcarious  preserva^ 
HveSf  oomparea  with  coal-tar  creosote,  No.  1074,  and  zinc  chlorid.  No,  22S9. 

(Results  marked  with  an  asterisk  (*)  were  not  checked  in  duplicate,  but  they  are  approximately  correct.] 


Fungus  and  preservative. 


Ratio  to 
creosote. 

Ratioto 

zinc 
chlorld. 

Pounds 

Percent. 

per  cubic 

fbot. 

0.225 

0.140 

2.5      • 

2.2 

.25 

.156 

2.2 

2 

0.14-.28 

0.087-.175 

3.^L0 

3.6-1.8 

.30 

.187 

1.8 

1.7 

♦.325 

.203 

1.7 

1.5 

.50 

.312 

1.1 

1 

.55 

.343 

1 

.91 

♦.65 

.406 

.84 

.76 

♦.65 

.405 

.84 

.75 

♦1.25 

.78 

.44 

.40 

♦3.30 

2.06 

.16 

.15 

4.5 

2.8 

.12 

.11 

5.25 

3.27 

.104 

.095 

♦33 

20^ 

.017 

.015 

40 

25 

.014 

.013 

40+ 

25+ 

.014- 

.013- 

40+ 

25+ 

.014- 

.012- 

76+ 
.125 

.007- 
1.8 

.007 

.078 

6 

♦.125 

.078 

1.8 

6 

.15 

.004 

1.5 

6 

.15 

.004 

1.5 

5 

♦.20 

.125 

1.12 

3.8 

.225 

.140 

.1 

3.3 

.225 

.140 

3.3 

.30 

.187 

.75 

2.5 

.75 

.468 

.80 

1 

.75 

.468 

.30 

1 

♦7.8 

4.87 

.029 

.090 

40+ 

25+ 

.0066- 

.019- 

40+ 

25+ 

.0066- 

.019- 

60+ 

31.2+ 

.0046- 

.0015— 

Fomes  annosus  (creosote  killing  point,  0.55  per  cent;  zino- 
chlorid  killing  point,  0.6  per  cent): 

Coal-tar  creosote,  Fraction  il 

Sodium  fluorid 

Creso  1  calcium  1 

Coal-tar  creosote.  Fraction  I 

Coal-tar  creosote,  Fraction  III 

Zincchlorid 

Coal-tar  creosote,  grade  C 

Water^as  tar  distillate  No.  2235  (speciAo  gravity  0.995). . . 

Wood  creosote  (Doudas  fir) 

Wood  tar  (hardwood) 

Coal-tar  creosote,  Fraction  IV 

8.  P.  F.  carbolineum 

A  venarius  carbolineum 

OMd-tar  creosote.  Fraction  V 

Copperized  oil. 

United  Oas  Improvement  0>.  1.07  oil.  No.  1101 

None^Such  Special 

Sapwood  antiseptic 

Fomes  pinicola  (creosote  killing  point.  0.225  per  cent;  slnc- 
cmorid  killing  point,  0.76  per  cent): 

Coal-tar  creosote.  Fraction  111 

Coal-tar  creosote,  Fiaction  rv 

Coal-tar  creosote.  Fraction  n 

Sodium  fluorid 

Wood  creosote  (Douglas  fir) 

Coal-tar  creosote.  Fraction  I 

Coal-tar  creosote,  grade  C 

Avenarius  carbolineum 

Zincchlorid 

Wood  tar  (hardwood) 

Coal-tar  creosote.  Fraction  V 

Copperized  oiL 

United  Gas  Improvement  0>.  1.07  oil.  No.  1101 

None-Such  Special 


1  Killing  point  lies  between  the  limits  given  (1  and  2  drops  of  the  preservative  in  20  o.  c.  of  the  medium). 

Table  II  shows  that  of  the  18  preservatives  tested  against  Fames 
annosus  6  totally  inhibit  growth  at  or  below  0.5  per  cent,  5  between 
0.5  and  3.5  per  cent,  1  at  4.5  per  cent,  1  at  5.25  per  cent,  and  the 
remaining  5  show  extremely  low  toxic  properties,j'equiring  from  33 
to  75  per  cent. 

Sodium  fluorid  is  particularly  toxic,  being  slightly  more  than  twice 
as  effective  as  zinc  chlorid. 

Cresol  calcium  in  these  tests  shows  a  high  toxicity,  and  the  poor 
results  reported  against  it  in  service  tests  *  are  apparently  due  to  a 
change  in  chemical  constitution  or  to  leaching,  which  did  not  take 
place  under  our  method  of  testing. 


^Unpublisbed  report,  Forest-Products  Laboratory. 
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The  three  lower  boiling  fractions  of  coal-tar  creosote  are  highly 
toxic,  exceeding  the  creosote  itself.  Fraction  IV  is  only  about  one- 
sixth  as  toxic  as  creosote.  Fraction  V,  consisting  of  the  last  heavy 
r^idnes,  of  which  only  10  per  cent  distills  below  320®  C,  is  extremely 
low  in  toxicity,  with  a  killing  concentration  of  about  33  per  cent. 

Wood  creosote,  derived  from  the  destructive  distillation  of  Douglas 
fir,  compares  very  favorably  with  coal-tar  creosote,  notwithstanding 
its  water  content  of  over  8  per  cent. 

Hardwood  tar  shows  moderate  antiseptic  properties,  proving  about 
(me-half  as  toxic  as  the  softwood  creosote. 

The  two  carbolineimis  are  much  less  toxic  than  the  creosotes  tested. 

Water-gas  tar  distillate  of  low  specific  gravity  appears  to  be  slightly 
less  toxic  than  coal-tar  creosote,  while  the  heavier  distillate,  repre- 
sented by  United  Gas  Improvement  Co.  1.07  oil,  is  so  low  in  toxic 
properties  as  to  appear  to  be  of  little  value  in  wood  preservation. 

Hie  secret  product  None-Such  Special  appears  to  be  more  nutrient 
than  antiseptic  to  fungi,  so  far  as  these  tests  indicate;  however,  the 
physical  properties  of  the  substance  when  injected  into  wood  may  be 
such  as  to  exclude  fimgous  growth  and  thus  to  substantiate  the 
claims  made  for  it.  Durability  tests  on  treated  wood  are  highly 
desired. 

Zinc  chlorid  has  a  killing  point  almost  identical  with  coal-tar 
creosote. 

Table  II  also  shows  that  of  14  preservatives  tested  against  Fomes 
pinicdla  8  totally  inhibit  growth  below  0.5  per  cent,  2  between  0.5  and 
1  per  cent,  1  at  about  7.8  per  cent,  and  the  remaining  3  require  over 
40  per  cent. 

Sodiimi  fluorid  and  coal-tar  creosote  Fractions  II,  III,  and  IV  are 
aQ  extremely  toxic  to  this  fimgus,  the  killing  points  being  almost 
identical. 

Coal-tar  creosote  Fraction  I  and  wood  creosote  are  about  three- 
fourths  as  toxic  as  the  above;  Avenarius  carbolineum  is  about  one- 
half  as  toxic. 

Zinc  chlorid  in  the  Fomes  pinicola  list  stands  only  tenth  in  efficiency, 
whereas  in  the  F,  annosus  list  it  stands  in  fifth  place. 

Tlie  last  four  preservatives  show  very  low  antiseptic  properties 
toward  Fomes  pinicolaj  as  they  did  toward  F,  annosus. 

By  comparing  the  behavior  of  the  two  fungi  toward  the  same 
diemical  substances  a  marked  difference  will  be  observed.  With  the 
exception  of  zinc  chlorid  and  copperized  oil,  Fomes  annosus  is  a  far 
more  resistant  organism  than  F.  pinicola,  the  ratio  running  as  high 
as  26  to  1  in  the  case  of  Fraction  IV  of  coal-tar  creosote. 

It  has  often  been  noted  during  the  course  of  the  experiments  that 
Pomes  annosus,  after  a  considerable  lapse  of  time,  can  accommodate 
itself  to  rather  high  concentrations  of  certain  preservatives.     Its 
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normal  growth  is  also  relatively  slow  as  compared  with  that  of  the 
other  organism.  Sometimes  on  high  concentrations  of  toxic  modia 
the  fimgus  would  remain  dormant  from  four  to  seven  weeks  and  then 
begin  a  slow  development.  For  this  reason  it  has  been  difficult  in 
many  cases  to  find  the  exact  inhibition  point  of  a  preservative  with- 
out carrying  out  a  large  number  of  long-continued  tests. 

On  the  other  hand,  Fames  pinicola  seems  rather  sensitive  to  slight 
changes  in  concentration,  and  one  can  usually  judge  within  a  month 
whether  the  fimgus  will  develop. 

The  difference  in  behavior  between  these  two  organisms  sho'ws 
how  very  necessary  it  is  to  make  only  quahfied  statements  when  dis- 
cussing the  relative  toxicity  of  preservatives  toward  fimgi.  We  have 
at  present  no  satisfactory  way  of  predicting,  except  by  trial,  how  a 
given  preservative  wtU  react  on  different  organisms. 

A  direct  comparison  of  toxicities,  as  given  in  Table  II,  shows  that 
in  many  cases  essentially  the  same  order  holds,  but  there  are  several 
exceptions,  Fractions  I  and  IV  of  coal-tar  creosote  and  zinc  chlorid 
being  the  most  conspicuous. 

In  Table  III  the  oils  used  are  gi'ouped  according  to  their  nature,  in 
order  to  show  a  direct  comparison  between  wood  tar,  coal  tar,  water- 
gas  tar,  and  petroleum  products. 

Table  III. — TAst  of  wood- presenting  oils  tested^  showing  relation  between  their  specific 
gravities,  boiling  points,  and  toxic  properties. 

[Kcsulls  marked  with  an  asterisk  (*)  are  approximately  correct.] 


Preservative. 

Specific 
gravity.! 

Percentage  distilling  below — 

Killing  point  (per 
cent). 

ISO" 

c. 

215" 
C. 

245  • 
C. 

275« 
C. 

305" 

c. 

320» 
C. 

360« 

c. 

Fomes 
annosus. 

Fomes 
pinicola. 

Wood  tar  (hardwood) 

Wood  creosote  (  Dom;las  fir). 

1           1 
1.195   ♦27      '*31 

51 
51.7 

37.7 
44.4 

♦1.25 
*.65 

40-f- 

•.65 

.55 
.30 

0.75 

l.()o2   *lfi 

♦31 

*10 

12.  S 

17,8 
78,3 
30 
.9 

♦.20 

United    (iius   Iinprovement 
Co.  1.07  oil.  No.  1101 

Water-gas  tar  distillate  No. 
22;lo 

1.05S 
.995 

i.ais 
.9;n 

1.003 
1.015 
1.0<iS 
1.150 

1.126 

1.127 

♦7 
3.3 

4.8 
35.1 
*J  3 

16.3 
61.7 
54.1 

♦22 
76.3 
67.2 

♦27 
80.3 
74.1 

56.4 

40+ 

Coal-tar  creosote: 

G  rade  C 

.225 

Fraction  1 

.225 

Fraction  IT 

*S0 
16.2 
.9 

♦92 
49.2 
4.7 

r'nwition  III 

77.7 

38.5 

4.1 

16.4 

85 

54.3 

10.1 

♦29 

*30 

30.2 

*48.'7* 

♦80 

♦.325 
♦3.30 
♦33 

5.25 

4.5 

40 

.125 

Fraction  IV' 

♦.126 

Fraction  V 

♦7.8 

Avenarins  carboiineum  (sp. 

gr.  at  16.5T.) 

S,  V.  F.  carboiineum   (sp. 

gr.  at  16*C.) 

1.1 

2.6 
♦9 
♦3 

6.1 

.30 

Copperizod  oil   (sp.  gr.  at 

*.2 

*10 

*22 

40-h 

1  At  60*  C.  except  as  stated  for  the  last  three  preservatives. 

It  is  interesting  to  note  that  the  wood-tar  and  low-boiling  water- 
gas  tar  and  coal-tar  distillates  tested  show  very  similar  toxic  prop- 
erties, while  the  carbolinenms,  which  consist  in  the  main  of  the 
high-boiling  constituents  of  coal-tar  creosote,  in  all  cases  proved 
much  less  toxic  to  th©  fimgi  used. 
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llie  toxicity  of  water-gas  tar  products  is  highly  variable,  much 
more  so  than  commerdal  coal-tar  products.  By  decreasing  the 
qpedfic  gravity  the  toxicity  rapidly  increased.  The  writers  do  not 
wish  it  to  be  inferred,  however,  that  this  necessarily  means  that 
water-gas  tar  and  coal-tar  products  will  prove  equally  efficient  imder 
service  conditions.    The  present  results  are  merely  suggestive. 

The  fractionization  of  coal-tar  creosote  gives  some  interesting  data. 
In  the  case  of  Fames  annosus  the  three  lower  fractions  proved  con- 
siderably more  toxic  than  the  creosote  itself.  In  the  case  of  F, 
pwicola  the  four  lower  fractions  were  included.  In  the  former  case 
Fraction  11  gave  the  best  results  and  in  the  latter  the  greater  toxicity 
fen  to  Fractions  III  and  IV.  This  indicates  that  the  middle  fractions 
are  the  most  efficient,  but  to  what  group  of  substances  the  greater 
toxidty  is  due  we  are  not  yet  prepared  to  state.  The  work  of  other 
mvestigators  with  naphthalene,  which  is  one  of  the  principal  con- 
stituents of  Fraction  11,  would  seem  at  least  to  militate  against  this 
substance. 

The  high-boUing  carbolineums,  which  approach  Fraction  IV  in 
their  physical  and  chemical  properties,  likewise  approach  it  in  their 
toxic  properties. 

While  the  higher  boiling  constituents  proved  to  be  less  toxic  than 
the  lower  boiling  ones,  their  greater  permanence  in  wood  under 
service  conditions  may  at  least  partially  offset  the  lessened  toxic 
efficiency. 

The  poor  showing  ifiade  by  copperized  oil  against  both  fungi  indi- 
cates that  adding  small  amounts  of  copper  in  this  form  to  low-toxic 
petroleum  or  v^etable  oils  will  produce  a  mixture  of  doubtful 
fungicidal  value. 

Toncmr  to  fungi  of  certain  of  the  more  important  pre- 
servatives. 

In  order  to  bring  together  in  convenient  form  for  comparison  the 
results  secured  by  various  investigators  in  the  use  of  certain  impor- 
tant preservative  substances,  as  well  as  those  originating  in  our  own 
laboratory  upon  the  preservatives  mentioned,  Table  IV  has  been 
prepared,  indicating  the  salient  f  eatiu*es  of  such  tests. 

In  making  comparisons,  the  soui;t5es  of  error  as  well  as  the  degree 
of  refinement  which  the  figures  represent,  should  be  fully  considered. 

Table  IV. — ToxicUy  of  various  preservalives  to  certain  wood-destroying  and  other  fungi. 


Organism. 

Toxic  point. 

Culture 
medium. 

Duration  of 
test. 

Investigator. 

A.-HHOBOAinC  COM- 
rOVKDS. 

Ammonfmn  chromate 

I(NH0*&O0. 
Ammoniam  fluorld 

Conlophora  oerebeUa. 
do 

PereetU, 
Under  1 

Under  0.1... 

Agar,... 
...do 

8  to  10  days. 
do 

Falck. 
Da 
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Table  IV. — Toxicity  of  various  preservatives  to  certain  toood-destroying  and  other  fungi — 

Continued. 


Toxic  sabstanoe. 


Oi^panlsm. 


Toxic  point. 


Culture 
medium. 


Duration  of 
test. 


Investtgitor. 


A.— 1NOROAMIC  COM- 
POUNDS—con. 


Ammonium  fluorid 

COTper   fluorid    [CuFs+ 

2HsO],pure. 
CkH)^  sillco-fluorid  [Cu- 

BlFe],  pure. 
C<nDper  sulphate  [CUSO4+ 

Copper  sulphate 

Ferric  fluorid  [FePil. 

Ferric  sulphate  [FeB04+ 

7H,01. 
Ferrous  fluorid  (FeFjl — 
Hydrofluoric  acid  [HF], 

100  per  cent. 

Hydrofluoric  add 

Hydrofluorsillcic  acid  [Hs 

S1F«]. 

Hydrofluorsilicic  acid 

Magnesium    silicofluorid 

[Mg8iF«+6H»0],  05  per 

cent. 
Magnesium    sulphate 


Coniophora  oerebella . 
....do. 


.do. 


.do. 


Percent, 

0.12s , 

Under  0.1... 

Under  0.05.. 

Under  1.... 


Gelatin 
Agar... 

..do.... 

..do...., 


4  weeks 

8  to  10  days. 

....do 

....do 


Molds 

Coniophora  oerebella. 
do , 


....do... 
....do... 


3to5 

0.132 

Under  2.... 


0.155 

Under  0.01. 


.do. 
.do. 


0.05 

Under  0.05. 


.do. 
.do. 


0.120 

Under  0.067. 


(MgSOi+THjOr 

Mercuric  chlorid  [HgClil. . 

Potassium  fluorid  [KF], 
pure. 

Potassium  fluorid 

Sodium  chlorid  [NaCl].. . . 

Sodium  chlorid 

Sodium  fluorid  [NaFJ 

Sodium  fluorid,  tech.  re- 
fined. 

Sodium  fluorid 

Sodium  fluorid,  tech 


.do. 


I 


....do. 
....do. 


Do. 


Sodium  carbonate  [Nar 

CO,]. 
Sodium   slUoo-fluorid 

[NasSiPej,  about  100  per 

cent. 

Sodium  slUoo-fluorid , 

Zinc  eWorld  (ZnCltJ 

Zinc  chlorid 


Do. 
Do. 
Do. 


Zhio  chlorid,  commercial . 


Do 

Zinc  fluorid  [ZnFsj 

Acid  zinc  fluorid.  tech 

Acid  zinc  fluorid  [ZnFr 

HF). 

Zinc  silico-fluorid 

Zino    silico-fluorid    [Zn- 

SiFe-l-6H<0J. 
Zhic  suh>hate  rZnS04+ 

7H,OJ. 

B.— OEOANIC  COMPOUNDS. 

(a)  Benzol  and  phenol  de- 
rivatives. 


Anilin  [CeHftNHiI 

Cresol  ICH^CHtOHJ. 
Cresol 

Do 

Do 

Cresol,  pure 

Cresol  calcium 


Do. 
Do. 


....do 

....do 

Mold 

....do 

Coniophora  oerebella . 


....do 

Femes  annosus ... . 


F.pinicola 

Coniophora  oerebella 


.do. 


....do 

....do 

....do 


Lenzites  sepiarla 

Polystictus  hirsutus. 

P.  versicolor 

Femes  plnioola 


F.  annosus 

Coniophora  oerebella 

'^'^doV^y^v.v^','^ 


.do. 
.do. 


.do. 


Coniophora  oerebella . 

Lenzites  sepiark 

Polystictus  versicolor 

P.  hirsutus 

Penicfllium 

Coniophora  oerebella. 

Lenzites  sepiaria 

Polystictus  versicolor 


Over  16.... 

Under  0.1.. 
Under  0.05. 


Gelatin 
..do.... 
Agar... 

GelaUn 
Agar... 

Gelatin 
Agar... 

Gelatin 
Agar... 


.do.. 


14dav8 

4  weeks 

8  to  10  days. 


4  weeks 

8  to  10  days. 


4  weeks 

8  to  10  days. 


4  weeks 

8  to  10  days. 


.do. 


0.1«2 

Under  10... 

Overs 

2. 


...do..... 
...do..... 

Gelatin.. 


Under  0.1.. 


0.139.... 
0.26 


0.15 

Under  0.125. 


Under  0.1.. 


Gelatin. 
...do.... 
Agar... 

Gelatin. 
Agar... 


..do.... 
..do... 

..do 


.do. 
.do. 


4  weeks 

8  to  10  days. 
14  days 

StolOdays. 


4  weeks. 
....do.. 


5  to  7  weeks. 
10  days... 


8  to  10  days. 


0.208 , 

Under  0.5... 
Between    1 
and  2. 

....do 

do 

Over  2 

0.75 


0.6 

0.186 

Under  0.1. 
0.130 


0.159 

Under  0.1 


Under  1. 


Under  1.... 
Under  0.125 

do 

....do 

Under  0.25. 
Under  0.05. 
Between    1 

and  2. 

Over  2 

Between    1 

and  2. 


Gelatin. 
Agar... 
..do.... 

...do.... 
..do.... 
..do.... 
...do.... 

...do.... 
Gelatin. 
Agar... 
Gelatin. 

..do.... 
Agar... 

..do.... 


Agar. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 
...do.. 

...do.. 
...do.. 


4  weeks 

8  to  10  days. 
8  days 


....  do 

do 

do 

4to8weeks. 

5to7week8. 

4  weeks 

8  to  10  days. 
4  weeks.... 


....do 

8  to  10  days. 

do..... 


8toiadays.. 
8  days.... 

V.y.do'.'.'. 
....do... 
4  weeks.. 
8  days.... 


....do 

....do 


Netach. 
Falck. 

Da 

Da 

Ma]enkovl6. 

Netzscdi. 

Falck. 

Netach. 
Falck. 

NetndL 
FakdL 

NetBCh. 
Falck. 


Da 

Da 
Da 

Netsseb. 

Falck. 

MalenkoTi6. 

Do. 
Falck. 

Netzsdi. 
Humphrey  and 
Flenilng. 
Da 
Rumbold. 

Falck. 


Netaoh. 

Falck. 

Rumlxdd. 

Do. 

Do. 

Do. 
Humphrey  and 
Fleming. 

Do. 
Nettsoh. 
Falck. 
Netzsdi. 

Do. 
Falck. 

Do. 


Falck. 
BombiAd. 

Do. 

Do. 

Do. 
J.M.Wabs. 
Rumbold. 

Do. 
Do. 
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Continued. 


aQ^uc  ^niT'Stm'^^i 


(«}  Btmol  Md  phenol  dt- 
riwhtfi   Coptfaiqfd. 


Omicakiom. 
Do 


DMnM>«nMl      fCfHr 

Sodiomsaliof- 

Dtaitro-pHnaol,     21 

peroRit.^ 
1:2     dinitzo-o-crasol, 

31  ]»r  eeat.i 
43ft   dinitro-m-cresol, 

GtQieteU^H«0»+HflO] 
Odiotiiinic  add  (CMHir 
OJ. 

PlifflolfC«H»OHl 

FhaoLypore 

P-iiiTC^yfaeiiol 

Sodium  salt  of— 

CMittropheiKdy  03  per 

P-DitrophifKd,  00  per 

»  dfnltnqilunol  (Cr 

H,(NO0iOH). 
2:4  dinitio] ' 

S^tdie  add  IG»H«OH- 


am   picrate    [C«Hr 
(N0s)iONaj,     40     per 
ont.1 
Thrmol    (GACHsCtHr- 

(I)  Ttntindertontu, 

Cotl4arcreo8ote: 

StiBliKht  ran,  Ameri- 
can (sp.  gr.  1.O40  at 
15.5-C.). 

5  per  cant  gum-arabic 


G^rokUk  is!^.  gr.  1.00 
8ii.gr.l.048at60*C.. 
5  per  cent  gum-arabic 


G«rman  (sp.  gr.  1.062 

^^.,..\ 

Bo 

Do 


Orfanism. 


P.  hlrsutus 

Fomes  annosus 

Coniopbora  cerebeUa. 

do 


.do. 


.do. 


.do. 
.do. 


.do. 


Penidllium 

Coniopbora  cerebcdla. 

....do 


.do. 


.do. 


.do. 


.do. 


.do. 
.do. 


.do. 


ia26atl6.5'c.). 

Do 

8.P.  P.fsp.gr.  1.127 

Coaiteereoaote: 

With  bases,  adds,  and 

solid  bTdrocar boos 

iwnoved. 
With  20  per  cent  tar 

adds  added. 
With  20  per  cent  pure 

nmhtbaleneatUed. 
With  5  vtt  cent  01- 

t«ed  tar  added. 


PenldUium 

Polystiotus  versicolor. 

Molds 

Pomes  plnloola. 

P.  axincsus 

Coniopbora  oerebella. 

Lensites  sepiaria 

Pohrstictus  versicolor . 
P.  birsutus 


Pomes  annoBus.... 

P.pinioola 

P.annosus 


PenldUium.. 

.....do 

.....do 

.....do 


Toxic  point. 


Per  cent. 
Between    1 

and  2. 
Between 
0.14and0.28. 
Under  0.1... 


Under  0.01.. 

Under  0.003. 

Under  0.005. 

Under  2 

Under  1 


Under  0.1... 

0.15 

Under  0.02.. 

Under  0.01.. 

Under  0.013. 

Under  0.02S. 

Under  0.01.. 

Under  0.003. 

Under  0.1... 

Under  0.04.. 

Under  0.01.. 


0.16.. 


Culture 
medium. 


I>urationof 
test. 


Agar... 
..do.... 
..do.... 

..do.... 

..do.... 

..do.... 

..do.... 
..do.... 

..do.... 
..do.... 
..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

..do.... 

...do.... 


Agar.... 


Sdays.. 
4  to  7  weeks, 
8  to  10  days. 


0.26-0.40 do. 

0.2 do 

0.225 do. 

0.55 do 

Under  0.125.  ...do 

Under 0.125.  ...do 
Under 0.25..  ...do 


Under  0.25. 
5.25. 


0.30. . . 
4.6.... 


0.85.. 

ftl5.. 
0.95.. 
0.45.. 


...do.... 
...do.... 


...do 

...do.. 


...do 

...do.... 
...do.... 
...do 


...do.... 
...do.... 
...do.... 


...do. 
...do. 


...do.... 

4  weeks 

8  to  10  days 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 


4  weeks 


4  weeks 

4  to  6  weeks 
do 


Sdays.. 


do 

do 

do 

4  to  10  weeks 

5  to  6  weeks. 
5  to  8  weeks. 


4  weeks 

do 

do 

do 


Investigator. 


Rumbdd. 

Humplireyand 

Fleming. 
Palck. 


Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
J.  M.  Weiss. 
Palck. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


J.  M.  Weiss, 


Dean     and 

Downs. 
J.  M.  Weiss. 

Humphrey  and 
Fleming. 
Do. 

Rumbold. 

Do. 
Do. 
Do. 

Humphrey  and 
Fleming. 
Do. 
Do. 


J.  M.  Weiss 

Do. 
Do. 
Do. 


1  Tozio  value  based  on  100  per  cent  pure  salt. 
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Table  IV. — Toxicity  of  varums  preservatives  to  certain  wood-destroying  and  other  fungi — 

Continued. 


Toxic  substance. 


Organism. 


Toxic  point. 


Culture 
medium. 


Duration  of 
test. 


Investigator. 


B.— OBQANICCOMPOUNM— 

continued. 

(6)  TaT9  and  ereoaoUs-^ 
Continued. 

Coal-tar  creosote— Contd. 
With  10  per  cent  fil- 
tered tar  added. 
With  20  per  cent  fil- 
tered tar  added. 
Coal  tar  (undlstOled,  sp. 

gr.  1.194  at  15.6*  C). 
Coal-tar  creosote: 

Fraction   I   (sp.   er. 
0.934  at  60*  C..  78.3 
per  cent  distills  be- 
low 215'C.). 
Do 


Penlcillium... 

....do 

Molds 


Percent. 
0.30 


0.60. 


Between  1.5 
and  2. 


Fomes  annosiis. . . 


Fraction  II  (sp.  gr. 
1.003  at  WC..  9  per 
cent  distills  below 
205^  C,  95.9  per 
cent  below  287*  C.). 
Do 

Fraction  III  (sp.  gr. 
1.045  at  60*  C.,  73.7 
per  cent  distills  be- 
low 295«'C.). 
Do 

Fraction  IV  (sp.  gr. 
1.088  at  60*  C.  64.3 
per  cent  distills  be- 
tween 285*  and  320* 

%o 

Fraction  V   (10  i)er 

cent  distills  above 

320*    C,    36.6    per 

cent  hard  residue). 

Do 

Fraction  below  235*  C 

Fraction  between 
235°-272*  C. 

Fraction  above  272*  C 


F.  pinicola. 
F.  annosus. 


F.  pinicola 

F.  annoeas 


0.30.... 


0.225 

0.226 


0.15.. 
0.325. 


F.  pinicola 0.125. 

F.  annosus 3.3... 


F.  pinicola. 
F.  annosus. 


0.125 


Agar. 
..do.. 
..do.. 

..do.. 


..do.. 
..do.. 


.do., 
.do.. 


.do., 
.do.. 


.do., 
.do.. 


F.  pinicola 7.8 

Penicillium I  0.35 

do 0.25 


Anthracene,  pure. . . 
Naphthalene,  pure. 


Quinolin,  pure 

Paraffin,  pure 

Water-gas  tar  distillate: 
Fraction  between 

170'*-340*  C. 
Fraction  between 
170*-316*  C.  (sp.  gr. 
1.024  at  15.5*  d). 
Fraction  between 
210*-^16*  C.  (sp.  gr. 
1.053  at  15.5«(f.). 
United  Oas  Improve- 
ment Co.  oil  (sp.  gr. 
1.058  at  60*  C). 
Do 


.do I  Between    4 

I     and  4.5. 

.do '  Above  10... 

.do Between    9 

j     and  10. 

.do I  0.10 

.do ;  Above  10.. . 


Polystictus  versicolor  I  0.40. 


Penicillium 


.do... 


Fomes  annosus.. 


I  . 


Sp.gr.0.995at60*C. 

Wood  creosote  (softwood, 

sp.  gr.  1.052  at  60*  C— 

about  8  per  cent  HjO). 

Do 

Wood  tar  (hardwood,  sp. 
gr.  1.195  at  60*  C). 

Do 

Semiasphaltic  petro- 
leum (sp.  gr.  0.973  at 
16.5*  C:  drills  above 
315*  C). 


F.  pinicola Above  40... 

F.  annosus —   About  0.65. 

....do 0.65 


Above  10., 


Above  40... 


F.  pfaiicola 

F.  annosus 

F.  pinicola 

Penicillium 


;0.20 

1.25 


0.75 

j^bovelO.. 


.do., 
.do., 
.do.. 

.do.. 

.do., 
.do.. 

.do., 
.do.. 

.do.. 

.do.. 

.do.. 

.do.. 


.do., 
.do., 
.do.. 


.do., 
.do.. 


.do., 
.do.. 


4  weelci 

....do 

do 

4  to  6  weeks. 


do 

5  to  9  weeks. 


4  to  5  weeks. 
4  to  8  weeks. 


4  to  7  weeks. 
4  to  6  weeks. 


5  to  8  weeks. 
4  to  6  weeks. 


5  to  8  weeks 
4  weeks. . 
....do.... 

....do.... 


J.  M.  Weiss. 
Do. 
Do. 


Humphrey  and 
Fleming. 


....do... 
....do... 


...do... 
...do... 


4  weeks. 


....do.. 


4  to  8  weeks 


4  to  5  weeks 

5  to  8  weeks 
4  to  7  weeks 


4  to  6  weeks 
....do 


4  to  5  weeks 
4  weeks.... 


Do. 
Do. 


Do. 
Do. 


Do. 
Do. 


Da 
Do. 


Do. 

J.  M.  Weiss. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Dean     and 

Downs. 
J.  M.  Weiss. 


Do. 


Humphrey  a 
Fleming. 

Do. 
Do. 
Da 


Da 
Da 

Do. 
J.  M.  W/dss. 


In  conclusion^  the  writers  wish  to  emphasize  that  any  scale  of 
toxicities  derived  from  Petri-dish  tests  on  the  usual  nutrient  agar  or 
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gelatin  media,  eTen  when  the  tests  are  conducted  under  exactly 
sTDiilar  conditions,  do  not  necessarily  represent  the  true  rdative 
toxic  vahies  of  the  different  compounds,  for  the  interaction  between 
the  toxic  compoimds,  the  nutrient  substances  contained  in  the 
media,  and  the  plant  protoplasm  is  Tariable  and  more  or  less  specific 
for  each  combination. 

Also,  the  reader  should  keep  before  him  the  fact  that  toxicity  alone 
is  not  the  sole  criterion  in  judging  the  service  value  of  a  preservative, 
and  a  direct  application  of  these  data  to  that  end  would  in  many 
cases  lead,  to  very  erroneous  conclusions. 

Ib  many  cases  it  is  possible  to  overcome  such  unfavorable  proper- 
ties in  a  preservative  as  hi^  solubility  in  water  by  placing  the  treated 
timber  under  conditions  less  exposed,  and  such  timbers  treated  with 
soluble  preservatives,  such  as  sodium  fluorid,  zinc  chlorid,  and  copper 
sulphate,  should  behave  more  or  less  according  to  the  toxic  ratios 
represented.  The  same  should  apply  to  oils  of  similar  volatile  and 
soluble  properties  placed  imder  approximately  similar  service  con- 
ditions. 

Not  all  preservatives  are  adapted  to  the  same  uses,  and  in  testing 
their  service  value  these  primary  facts  should  be  given  full  consider- 
ation. We  have  long  been  in  the  habit  of  taking  as  the  standard 
test  of  the  efficiency  of  a  substance  its  abihty  to  protect  timber 
exposed  to  such  extreme  conditions  as  are  railway  ties,  telephone 
poles,  posts,  exterior  building  timbers,  etc.  This  standard  is  very 
often  too  severe,  and  for  this  reason  preservatives  should  be  grouped 
according  to  the  conditions  under  which  they  are  to  be  exposed. 

SUMMARY. 

A  survey  of  the  work  of  various  investigators  on  the  action  of 
different  toxic  substances  on  the  higher  and  lower  forms  of  plant  life 
discloses  a  marked  difference  in  behavior.  The  action  of  toxic  agents 
appears  to  be  specific,  being  highly  poisonous  to  certain  organisms 
and  only  moderately  so  to  others. 

Very  dilute  concentrations  ordinarily  produce  a  stimulative  effect. 

Among  the  fxmgi,  as  a  rule,  the  common  molds  are  more  resistant 
to  poisons  than  the  true  wood-destroying  fxmgi,  and  even  among  the 
latter  group  the  different  species  show  a  great  difference  in  suscepti- 
biKty. 

The  chemical  and  physical  composition  of  the  media  supporting 
the  growth  of  the  fungi  determines,  to  a  large  extent,  their  develop- 
ment. The  presence  of  certain  kinds  of  insoluble  matter  or  of  such 
organic  compoimds  as  sugars  and  proteid  materials,  with  which  the 
toxic  agents  may  possibly  react,  often  introduces  a  considerable 
element  of  error  when  testing  the  toxic  value  of  a  substance  by 
mixing  it  with  nutrient  agar  or  gelatin  media. 
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Temperature  is  also  an  elemental  factor  in  the  growth  of  fungi,  and 
there  is  an  optimum  for  each  organism,  often  lying  within  a  very 
narrow  range.  The  growth  activities  of  fungi  probably  bear  a  close 
relation  to  the  resistance  offered  toward  toxic  agents. 

The  toxic  elements  or  radicals  in  a  compoimd  are  of  ten  difficult  to 
determine.  In  the  case  of  heavy  metaUic  salts,  it  is  the  metal  ion; 
in  the  case  of  strong  inorganic  acids,  the  hydrogen  ion  is  said  to  be 
the  important  element;  in  the  fluorin  compoimds,  fluorin  is  the 
determining  agent;  in  the  case  of  certain  phenols,  the  introduction 
of  halogen,  alkyl,  or  nitro  groups  is  said  to  increase  toxicity.  EJven 
in  the  case  of  isomeric  compotmds  the  grouping  of  the  radicals  plays 
an  important  part. 

The  Petri-dish  method  of  determining  the  toxicity  of  a  substance 
offers  a  ready  procedure  which  gives  indicatory  results  in  a  short  time. 
On  account  of  certain  sources  of  error,  some  inaccuracies  must  be 
admitted,  although  the  methods  employed  by  the  writers  obviate 
many  of  these. 

The  residts  of  tests  on  18  wood  preservatives  at  the  Forest-Products 
Laboratory,  against  two  wood-destroying  fungi,  Fomes  annosus  Fr. 
and  F,  pinicola  (Sw.)  Fr.,  are  given.  The  preservatives  act  in  a 
considerably  different  manner  on  these  two  organisms,  the  former 
being,  as  a  rule,  far  more  resistant. 

The  tests  show  that  for  these  two  organisms  the  following  quan- 
tities of  preservative  per  cubic  foot  of  culture  medium  used  are  suf- 
ficient to  inhibit  all  growth: 


FOR  FOMES  ANNOSU8. 

Pocmds. 

Coal-tar  creosote,  Fraction  II  0. 14 

Sodium  fluorid .16 

Cresol  calcium 0.09-  .18 

Coal-tar  creosote: 

Fraction  I .19 

Fraction  III .20 

Zincchlorid...: .31 

Coal-tar  creosote,  grade  C. . .  .34 
Water-gafi  tar  distillate  (sp. 

gr.  0.995) .41 

Wood  creosote .41 

Hardwood  tar .78 

Coal-tar  creosote,  Fraction  IV  2. 06 

S.  P.  F.  carbolineum 2. 8 

Avenarius  carbolineum 3.27 

Coal-tar  creosote,  Fraction  V.  20. 59 

Copperized  oil 25 

United    €ras    Improvement 

Co.,  1.07  oil Over25 

None-Such  Special Over  25 

Sapwood  antiseptic Over  25 


FOR  FOMES  PINICOLA. 


Pounds. 


Coal-tar  creosote: 

Fraction  III 0.  08 

Fraction  IV .08 

Fraction  II .09 

Sodium  fluorid .09 

Wood  creosote .13 

Coal-tar  creosote: 

GradeC .14 

Fraction  I .14 

Avenarius  carbolineum .19 

Zincchlorid .47 

Hardwood  tar .47 

Coal-tar  creosote.  Fraction  V  4.  87 

Copperized  oil Over  25 

United    Gas    Improvement 

Co.,  1.07  oil Over  25 

None-Such  Special Over  25 
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EFFECT  OF  FREQUENT  CUTTING  ON  THE  WATER  REQUIRE- 
MENT OF  ALFALFA  AND  ITS  BEARING  ON  PASTURAGE.' 

By  Lyman  J.  Brigos,  Bioj^yncist  in  Charge  of  Biophytieal  InvesHgatums,  and  H.  L. 
SHAirrz,  Physiologist^  Office  of  Alkali  and  Drought  Resistant  Plant  Investigations, 

INTRODUCTION. 

The  detennination  of  a  plant's  eflBciency  in  the  use  of  water  at 
different  stages  in  its  development  is  a  problem  of  much  interest, 
but  one  which  involves  serious  experimental  difficulties  on  account 
of  the  constantly  changing  environmental  conditions  and  the  con- 
sequent necessity  of  extensive  multiplication  of  the  series  of  experi- 
mental plants.  The  present  experiments  (Table  I)  were  designed  to 
determine  (1)  whether  alfalfa  in  the  early  stages  of  growth  following 
a  cutting  has  a  water  requirement  differing  from  the  wat^r  require- 
ment of  the  plant  during  the  normal  period  of  growth,  and  (2)  to 
what  extent  frequent  cutting  or  grazing  during  the  hottest  part  of 
the  year  modifies  the  seasonal  water  requirement. 

METHOD. 

Two  standard  sets  of  selected  Grimm  alfalfa,'  each  consisting  of 
ax  pots  of  plants,  were  employed  in  these  experiments.  The  plants 
WCTe  treated  in  the  usual  way '  up  to  the  time  of  the  first  cutting,  on 
July  26,  at  which  time  care  was  taken  to  leave  the  basal  shoots,  so 
as  to  insure  the  uninterrupted  growth  of  the  plants.  Following  this 
date,  the  growth  on  the  pots  of  series  B  was  cut  back  weekly  in  a 
manner  somewhat  resembling  pasturage  (fig.  1),  all  of  the  material 
thus  removed  from  each  pot  being  preserved  separately.  The  growth 
of  the  plants  in  series  A  was  allowed  to  proceed  without  interruption 

'  Hie  ezpefimentB  reported  in  this  buUetin  were  conducted  at  Akron,  Colo.,  in  1912.  The  methods 
^Bptoyed  were  essentiaUy  the  same  as  those  described  in  Bulletin  284  of  the  Bureau  of  Plant  Industry, 
aUtled  "The  Water  Requirement  of  Plants.  I.— Investigations  in  the  Great  Plains  in  1910  and  1911." 
^^>inl  poCs  were  used  to  prerent  eyaporation  from  the  soil  and  the  entrance  of  rainf^.  The  writers  are 
Pddrted  to  A.  M.  Peter,  B.  I>.  Rands,  H.  Martin,  and  O.  Crawford  for  assistance  given  at  Akron  in  1912. 

'  Tbfb  strains  were  selected  by  A.  C.  Dfllman,  of  the  Office  of  Alkali  and  Drought  Resistant  Plant  Inves- 

See  Bulletin  284  of  the  Bureau  of  Plant  Industry,  previously  mentioned,  for  details  of  these  ox  peri- 
Bats.  Scries  B  was,  however,  started  10  days  later  than  the  check  series  (A),  owing  to  the  necessity  of 
repteitii^. 
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until  the  time  of  the  second  cutting  (fig.  2).     Both  sets  were  then 
allowed  to  grow  unmtemiptedly  until  the  third  and  final  cutting  was 


Fig.  1.— Alfalfa  (series  6,  pots  145  to  150),  photographed  Just  before  cropping,  September  7, 1912. 

made.     The  data  for  the  individual  pots  will  be  found  in  Table  I, 
where  the  results  are  also  summarized. 

RESULTS. 

The  water  requirement  of  the  two  series  during  the  first  period 
(i.  e.,  up  to  the  time  of  the  first  cutting)  was  practically  the  same. 


Fio.  2.— AUUfa  (series  A ,  pots  133  to  138),  photographed  Just  before  the  second  cropping,  September  6, 

1912. 

The  mean  ratio  of  the  six  pots  of  series  A  (check)  was  600  ±  17  and 
of  series  B  615  ±6.    The  diflference  is  less  than  the  probable  error. 
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Table  I . — Dry-matter  production  and  water  consumption  of  alfalfa  as  affected  by  frequent 
cutting,  at  Akron,  Colo.,  in  191g. 


Series  A:  Qrimm  aXiaU&^,J).I., 

Series  B:  Grimm  alfolfo,  A.D.I., 

£-23-20^  (  MedUago  MA'to). 

£-23-20-52  (  Medicago  tativa). 

Water 

Water 

P»iod  of  growth. 

Pot 
No. 

matter. 

Water 

ab- 
sorbed. 

require- 
ment 
based 
on  dry 
matter. 

Pot 
No. 

Dry 
matter. 

Water 

ab- 
sorbed. 

require- 
ment 
based 
on  dry 
matter. 

Omms. 

Kiloi. 

Grams. 

KilOB. 

133 

131.6 

89.6 

680 

145 

53.3 

33.1 

621 

134 

121.4 

73.9 

600 

146 

89.3 

54.7 

612 

May  24  to  July  26.. 

136 
136 

141.0 
14a  6 

82.4 
72.5 

584 
516 

June  3  to  July  26.. 

147 
148 

59.8 
78.3 

37.5 
50.5 

627 
645 

137 

141.4 

79.8 

564 

149 

100.6 

60.5 

602 

I  138 

ll&O 

76.6 

649 

Average 

I  150 

91.0 

53.0 

582 

Avenge 

600±17 

615±6 
1,092 

r  133 

131.7 

118.8 

902 

f  145 

20.6 

22.5 

134 

iiao 

93.0 

845 

July  26  to  Sept.  7. 
doppedAug.3, 
10,  IT,  24, 31,  and 

146 

26.7 

25.1 

974 

Inly  20  to  Sept.  6.. 

135 
136 

138.6 
133.3 

112.4 
115.8 

810 
870 

147 
148 

26.8 
32.3 

25.2 
28.4 

941 

880 

137 

135.2 

108.1 

800 

Sept.  7. 

149 

23.7 

25.7 

1,088 

I  138 

12a  2 

107.4 

893 

Average 

I  150 

30.3 

26.4 

872 

Average.... 

853  d:  13 

975±23 
450 

133 

73.7 

3&4 

479 

f  145 

34.7 

15.6 

134 

64.7 

28.1 

434 

146 

37.1 

16.5 

445 

Sept.  6  to  Nov.  4.. 

135 
136 

80l7 
82.0 

32.4 
32.0 

401 
300 

Sept.  7  to  Nov.  4. . 

147 
148 

38.8 
35.0 

19.8 
16.4 

510 

467 

137 

83.8 

36.1 

431 

149 

39.3 

20.1 

571 

1 

1  138 

79.5 

31.1 

391 

Average..  .. 

I  150 

38.3 

16.4 

428 

421  ±10 

479±16 
655 

r  133 

337.0 

243.8 

724 

r  145 

106.6 

71.2 

134 

296.1 

195.0 

658 

146 

152.1 

96.3 

633 

GombiDed      cut- 

135 

36a3 

227.2 

632 

Combined       cut- 

147 

125.4 

82.5 

658 

tXKs.    ICay    24 
toNov.  4. 

136 

355.9 

220.3 

620 

tings,  June  3  to 

148 

145.6 

95.3 

654 

137 

36a4 

224.4 

623 

Nov.  4. 

14S 

163.6 

106.3 

650 

i 

1 

I  138 

317.7 


215.1 

678 

[  150 

150.6 


95.8 


600 

Average • 



656±11 

642±6 

Summary. 


the  water  requirement  of  the  check  series  (A)  was  421  ±  10  and  that 
of  series  B  479  ±16.  The  B  series  thus  shows  during  the  third  period 
ilso  a  slight  increase  (14  ±4  per  cent)  in  water  requirement  com- 
pared with  series  A,  which  may  be  the  result  of  the  weakening  of  the 
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plants  during  the  second  period  through  the  forced  reduction  in  the 
leaf  and  stem  area  of  the  plant.  This  would  tend  to  prevent  the 
normal  development  of  the  root  system,  which  in  turn  would  increase 
the  water  requirement  during  the  third  period,  since  a  relatively- 
greater  proportion  of  food  material  would  be  diverted  to  the  roots. 

When  the  water  requirement  is  based  on  the  total  dry  matter  pro- 
duced during  the  season  (May  24  to  November  4)  without  reference 
to  the  time  at  which  the  growth  occurred,  series  B  is  practically  as 
efficient  as  the  check  series.  The  respective  ratios  were  642  ±  6  and 
656  ±11,  the  dijBference,  14  ±13,  being  without  significance.  This  is 
of  interest  in  view  of  the  fact  that  the  water  requirement  of  each  of 
the  three  crops  is  higher  in  series  B  than  in  the  check  series.  The 
explanation  of  this  seeming  anomaly  is  to  be  found  in  the  relative 
yields  during  the  second  (midsummer)  period,  during  which  time 
series  B  produced  only  18  per  cent  of  its  total  dry  matter,  while. the 
check  series  produced  38  per  cent. 

The  amount  of  dry  matter  produced  under  frequent  cutting  is  also 
of  interest.  The  check  series  produced  practically  the  same  amount 
of  dry  matter  during  the  second  period  as  during  the  first.  Series  B 
produced  only  30  per  cent  as  much  during  the  second  period,  the 
small  plants  being  imable  to  elaborate  plant  material  as  rapidly  as 
the  larger  plants  of  series  A.  Series  B  was  also  maintained  during 
the  midsummer  period  with  an  actual  expenditiu:e  of  only  one-third 
the  water  required  by  the  check  series.  This  forced  economy  in  the 
use  of  water  through  frequent  cutting  seems  not  to  be  without  effect 
on  subsequent  production.  Series  B  produced  only  48  per  cent  as 
much  dry  matter  during  the  third  period  as  the  check  series,  while 
during  the  first  period,  notwithstanding  the  shorter  period  of  growth, 
series  B  produced  60  per  cent  as  much  dry  matter  as  the  check 
series. 

BEARING  OF  RESULTS  ON  THE  MANAGEMENT  OF  ALFALFA  LANDS. 

The  results  here  recorded  indicate  that  the  total  consiunption  of 
water  can  be  controlled  to  a  considerable  extent  by  pasturage  or  fre- 
quent clipping  without  serious  injury  to  alfalfa  plants.  This  affords 
a  means  of  limiting  the  growth  of  the  crop  so  that  its  demand  for 
water  will  not  exceed  the  available  moisture  supply.  With  a  limited 
amoimt  of  stored  moisture  it  is  evident  that  the  greatest  production 
can  be  obtained  by  allowing  the  crop  to  grow  when  the  water  require- 
ment is  the  lowest,  i.  e.,  in  the  spring  or  fall,  and  by  keeping  the  leaf 
surface  at  a  minimum  during  the  summer  through  cHpping  or  pastur- 
age. Numerous  field  observations  by  the  writers  have  shown  the 
efficacy  of  reducing  the  size  of  the  aerial  portion  of  a  plant  as  a 
means  of  moisture  conservation  during  periods  of  drought. 

Although  frequent  cutting  or  clipping  is  not  practicable  under  field 
conditions,  the  same  result  can  be  attained  by  grazing.     Whenever 
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ike  moisture  supply  falls  short  of  the  amount  necessary  to  produce 
normal  crops  throughout  the  season,  summer  grazmg  appears  to 
afford  a  simple  and  practical  means  of  obtaining  a  return  from  alfalfa 
commensurate  with  the  available  moistiure  and  at  the  same  time 
reduces  the  danger  of  drought  injury. 

In  the  pot  experiments  already  described,  weekly  cutting  reduced 
the  total  amount  of  dry  matter  produced  to  one-third  the  normal 
crop.  This  would  indicate  that  when  the  moistiu^e  supply  is  adequate 
for  continuous  crop  production  throughout  the  season,  close  pastiu*age 
or  clipping  would  result  in  a  marked  reduction  in  the  amount  of 
alfalfa  produced.  Consequently,  where  grazing  is  practiced  greater 
production  can  be  seciu*ed  by  intermittent  grazing;  that  is,  by  employ- 
ing several  fields  which  are  pastiu*ed  in  rotation. 

SUMMER  PASTURAGE  OF  ALFALFA   EXTENSIYELT  PRACTICED  IN 

AUSTRALLL 

Since  the  experimental  work  referred  to  above  was  completed,  the 
writes  have  learned  that  a  practice  similar  to  that  suggested  has 
been  gradually  developed  in  Australia  as  giving  the  best  retmn  in 
the  managem^it  of  Austrahan  alfalfa  land.  The  practice  is  to  grow 
a  hay  crop  in  the  early  spring  and  to  pasture  the  alfalfa  during  the 
remainder  of  the  year.  Aside  from  the  hay  obtained,  alfalfa  is  very 
valuable  in  Australia  for  grazing  purposes,  because  it  responds  to 
summer  rainfall,  while  the  native  grasses,  being  annuals,  afford  no 
late  pasturage.  On  a  large  ranch  or  '* station'*  near  Wagga  Wagga, 
New  South  Wales,  one  of  the  writers  recently  saw  1,000  acres  of 
Peruvian  alfalfa  that  is  being  handled  under  this  combined  system 
of  hay  and  pastiu*age.  The  alfalfa  at  this  station  carries  three  sheep 
per  acre  during  the  summer,  autumn,  and  winter  months.  About 
the  first  of  September  (early  spring)  the  sheep  are  taken  oflf.  The 
alfalfa  makes  a  luximant  growth  during  the  cool  spring  months,  and 
a  crop  of  from  1,500  to  2,000  pounds  per  acre  of  cured  hay  is  obtained. 
The  hay  is  produced  when  the  weather  is  cool  and  the  transpiration 
rate  low — in  other  words,  when  the  crop  is  making  the  most  efficient 
use  of  the  water  supply.  The  normal  rainfall  in  this  region  is  about 
21  inches  and  is  quite  uniformly  distributed,  each  month  having  more 
than  1  inch  of  rainfall  and  only  two  months  (June  and  October, 
corresponding  in  season  to  our  December  and  April,  respectively) 
more  than  2  inches. 

At  another  station  an  alfalfa  field  of  120  acres  was  seen,  which  is 
being  treated  in  the  same  way.  The  sheep  are  taken  oflf  the  middle 
of  August,  and  the  alfalfa  is  usually  cut  the  last  week  in  October. 
The  single  cutting  averages  about  1  ton  to  the  acre.  The  rainfall  is 
about  22  inches  a  year. 

This  combined  system  of  hay  and  pastiu*age  has  found  much  favor 
m  New  South  Wales  and  is  carried  out  in  a  rolling-plains  country  on 
bam  or  sandy-loam  soils  where  there  is  no  possibility  of  subirrigation. 
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NEED  FOR  IMPROVED  METHODS. 

^  The  business  of  producing  naval  stores  is  unique  among  American 
industries  in  one  particular.  Until  recently  there  has  been  practically 
no  change  in  methods  since  its  first  establishment.  Those  in  vogue 
before  the  War  of  the  Revolution  are  mainly  the  ones  in  force  to-day. 
Veay  recently  the  cup  method  of  turpentining  the  trees  has  been  taken 
up,  but  the  wasteful  box  method  is  still  largely  used.  Outside  of 
this  the  average  operator  has  been  content  to  follow  the  methods  of 
his  predecessors,  both  in  collecting  the  gum  and  in  distilling  it. 
With  conditions  in  the  industry  as  they  are  at  present,  when  the 
supply  of  longleaf  pine  in  North  Carolina,  South  Carolina,  and 
Georgia  suitable  for  tmrpentining  is  very  nearly  exhausted,  and  when 
the  cost  of  operation  everywhere  is  high  in  proportion  to  the  returns, 

1  Mafaitafaied  by  the  Forest  Service  in  cooperation  with  the  University  of  Wisconsin,  Madison,  Wis. 
NoTB.— This  bulletin  is  of  interest  to  the  producers  and  users  of  naval  stores. 

g8767«— BuU.  229—16 1 
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the  need  for  improved  methods,  for  attention  to  detail,  is  impera- 
tive if  the  industry  is  to  have  a  future.  Ways  of  collecting  the  gum 
which  will  give  the  maximum  amoxmt  for  the  longest  time  with  the 
least  injury  to  the  tree  and  methods  of  distillation  which  will  insure 
turpentine  and  rosin  of  the  best  grade  are  things  which  every  oper- 
ator might  well  make  the  subject  of  study.  Nowhere  more  than  in 
the  naval  stores  industry  will  close  attention  to  detail  coincide  with 
successful  operation. 

This  bulletin  reviews  the  present  status  of  the  naval  stores  indus- 
try and  the  progress  which  has  been  made  in  improving  the  methods 
of  collecting  and  distilling  the  gum.^  Information  is  also  presented 
on  the  supply  of  timber  at  present  available  for  turpentine  operar 
tions. 

The  pubUcations  listed  in  the  latter  part  of  this  bulletin  have  been 
drawn  upon  in  its  preparation,  and  acknowledgement  is  made  to  the 
several  authors. 

HISTORY  OF  THE  INDUSTRY  IN  THE  UNITED  STATES. 

The  earUest  mention  of  turpentine  and  rosin  seems  to  exist  in  a 
manuscript  dated  1610,  preserved  in  the  Public  Record  Office,  Lon- 
don, and  entitled  '*  Instructions  for  suche  things  as  are  to  be  sente 
from  Virginia.^'' 

'^Hard  pitche,^'  '^Tarre,''  '^Turpentine,''  and  '*Rozen''  are  also 
mentioned  in  the  **Booke  of  the  Commodities  of  Virginia,''  issued 
presumably  about  the  same  time. 

Pitch  and  tar  were  the  chief  products  of  the  industry  up  to  the 
middle  of  the  eighteenth  century.  Their  extensive  use  in  the  con- 
struction and  maintenance  of  sailing  vessels  caused  them  to  be 
called  **  naval  stores,"  a  term  now  appUed  to  the  turpentine  and 
rosin  industry,  which  has  supplanted  the  production  of  tar  and 
pitch. 

The  manufacture  of  turpentine  and  rosin  in  North  Carolina  was 
described  by  Schoepf  in  1783-84.  Pitch  and  tar,  however,  had  been 
staple  products  smce  1700.  Norfolk  was  the  great  shipping  point 
for  Virginia  and  northeastern  North  Carolina. 

The  method  of  boxing  the  trees  for  collecting  the  crude  giun  was 
the  same  as  that  employed  to-day,  but  the  names  of  some  of  the 
operations  have  changed,  such  as  ''cornering"  in  place  of  '* notching," 
and  '^vii^n  dip"  in  place  of  ''pure  dippings." 

1  The  Bureau  of  Chemistry  of  the  Department  of  Agriculture  Is  now  investigating  problems  oonnBoted 
with  the  distillation  of  turpentine,  and  has  offered  helpful  suggestiom  in  the  case  of  this  bulletin. 

*  Among  the  instructions  is  the  foUowing:  "Pyne  trees,  or  flirre  trees  are  to  be  wounded  w^^ln  a  yactfe 
of  the  grounde,  or  boare  a  hoal  w^  an  agar  the  thirde  pte  into  the  tree,  and  lett  yt  runne  into  anya  thinc^ 
that  maye  receyue  the  same,  and  that  w*  yssues  owte  wflbe  Turpentyne  worUie  18£  Tonne.  Wheo 
the  tree  beglnneth  to  runne  softeljre  yt  is  to  be  stopped  vp  agayne  for  pr^serveinge  the  tree." 

*'  Pitche  and  tarre  hath  bene  made  there  and  we  doubte  not  but  wilbe  agayne,  and  some  sente  for  a  sam* 
pie,  your  owne  toumes  beinge  flrste  serred." 
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THE   NAVAL  STORES  INDUSTRY.  3 

Previous  to  1800  very  little  of  the  chide  turpentine  was  distilled 
at  the  point  of  production.  Tapping  operations  were  conducted, 
so  far  as  possible,  along  navigable  streams  and  inlets.  The  crude 
torpentine  was  then  shipped  to  Wihnington,  Philadelphia,  and  New 
York,  and  there  reshipped  to  England  for  distillation.  Up  to  the  year 
1820  the  production  of  turpentine  and  rosin  was  quite  unimportant 
and  limited  to  the  demands  of  domestic  industries.  The  rosin  manu- 
factured was  worth  very  Uttle,  the  price  dropping  to  25  cents  a  barrel 
and  even  lower,  so  that  it  could  no  longer  be  handled  at  a  profit. 

Copper  stills  were  introduced  in  1834,  and  greatly  improved 
manufacturing  conditions.  Previously  the  distillations  had  been 
conducted  in  crude  cast-iron  retorts  that  gave  very  poor  results, 
both  as  to  quantity  and  quality  of  the  products. 

Up  to  the  year  1838  the  industry  had  not  advanced  south  of  the 
Cape  Fear  River,  the  belief  being  that  the  pines  farther  south  would 
not  flow  sufficiently.  This  error  was  soon  discovered  through  a 
few  experiments,  and  the  practically  untouched  belt  of  longleaf  pine 
forest  extending  from  the  Carolinas  to  Texas  was  gradually  invaded. 

Increasing  demands  for  turpentine  in  the  varnish  and  paint  indus- 
laies;  its  utilization  as  a  solvent  for  rubber  and  as  an  illuminant  when 
mixed  with  alcohol,  and  the  passage  of  the  British  free  trade  law  of 
1846  combined  to  stimulate  production.  In  proportion  as  the  de- 
miuid  for  turpentine  increased  a  greater  amount  of  rosin  was  manu- 
factured than  eould  be  utilized  in  the  arts,  and  so  went  to  waste. 

Tlie  Civil  War  had  a  depressing  effect  upon  the  industry.  Only 
about  two- thirds  of  the  number  of  establishments  reported  for  1860 
were  in  operation  in  1870. 

STATISTICS  OF  PRODUCTION. 

Elxcept  for  the  period  between  1860  and  1870,  the  naval  stores 
industry  has  had  a  steady  growth,  so  far  as  the  value  of  its  products 
is  concerned.  The  market  prices  are  subject  to  great  variation/  not 
only  according  to  supply  and  demand,  but  also  through  manipulation 
on  the  exchange.  Figure  1  shows  the  high  and  low  prices  by  years 
since  1901  for  turpentine  and  for  two  grades  of  rosin. 

During  the  last  five  years  the  average  annual  production,  in  round 
numbers,  has  been  31,800,000  gallons  of  turpentine  and  3,700,000 
barrels  of  rosin.  Over  half  of  the  products  are  exported,  this  country 
largely  supplying  the  world.  France,  Austria,  Spain,  Portugal,  India, 
Greece,  and  other  countries  also  produce  naval  stores,  but  the 
amounts  are  relatively  small,  as  may  be  seen  from  Tables  1  to  4,  which 
show  the  exports  and  imports  of  turpentine  and  rosin  by  various 
countries  from  1901  to  1912. 

I  Daring  the  season  190^10  the  lowest  prioe  of  turpentiiie  per  gallon  was  35}  cents,  while  during  1910-11 
Ihe  lii^water  mark  of  $1.07  was  reached.  The  lowest  quotation  ever  posted  by  the  Savannah  Board  of 
TrmiB  was  on  Sept.  4, 1806,  when  turpentine  brought  but  22  cents  a  gallon. 


Digiti 


zed  by  Google 


BULLETIN  22»,  U.  S.  DEPABTMBNT  OF  AGBICULXUBB. 


lOi    1    1    1    1    1    [    I    1    ■    1    1    1    1  ■  1 

^^^ 

I            ^""V    ^ 

m    . 

t       1    ^^ 

M      '    X 

3 

ti      '-^  ^ 

< 

rt         ^ 

St                                mli.     2^^- 

~-    7  L        r 

A-         f—       ,                        -r-                — 

-^^            A    ^ 

S     "                   2 

■  IB      <              ^              ^ 

Ic                                          J                    - 

\  mr^.    y  ^        ^   ^ 

?                   Z- 

•'^'^21      t 

.^s,  it   I  '^   3 

S                                            /          WMLi^i'Fi^ 

-   ^^5     ^  t     ' 

is           ^'^       Z- 

_      ^^  J     J 

C                          ^           \-     J-^- 

-       -t    I         L 

1            ^       -i^-^t  : 

i.       2       r            T 

I          JZ^^      1    7. 

J^  '    J         3 

'4     ^^  7"^.-  SZ 

\   /       /                ; 

S    ^     -y     S^^ 

iz^r     ;^            V 

\/^      t        t      ^K    . 

A^                  ^ 

i^     1      ^l     7^^>  . 

_^ 

»,       Z       Z^  J.     z. 

/ 

S        ^^    ^"       -.1        \ 

.  7 

I      1     r  ^--^ 

^--,r- 

t        2             2w;« 

' 

2                   -^             _^-rnfii 

- .-  7         ' 

/. 

^- "^ 

•*"     ^^  "S 

^ — ^^        — ^"^"^ 

:^--^^^,    S 

■■*■'■-■"*■                      ni  iM  in  iM  '  •  ^^ 

i  i  s  i  i  i  i  i 

i  1  1  i  §  i  i 

YBARS 
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THE   NAVAL  STORES  INDUSTRY. 
Table  1. — ExporU  oftttrpeniine  (gallons)  by  varum$  countries,  1901-1910, 


Coontry. 

1001 

1002 

1003 

1904 

1005 

rmt9> 

833,018 

565,174 

041,518 

1,483,430 

U,080.660 

20,627,638 

60,000 

025,784 

502,434 

1,288,866 

1,516,006 

s 1,080,660 

18,630,317 

60,000 

1,075,043 

612,052 

088.040 

1,887,430 

>  1,080,660 

15,651,037 

72,000 

1,49,282 

560,644 

876,021 

2,163,750 

M,089,660 

16,426,756 

113,000 

3,170,073 
520,745 

(Tvnmri  , . 

JSSSSw^ 

072,704 

|ia^ 

2,504,423 
<1, 080,660 

Ppifai      .    . 

iTiilted  States 

15,614,323 
00,000 

<)<hfrminti1m 

Totil 

25,601,351 

24,003,351 

22,277,080 

22,660,031 

23,070,037 

Country. 

1006 

1007 

1006 

1000 

1910 

Yna» 

3,367,337 

460,731 

1,400,631 

2,456,844 

s  1,080,660 

16,182,500 

106,000 

2,538,680 
340  552 
165,771 
2,705,255 
007,420 
17,176,843 
05,000 

2,807,686 

433,235 

1,851,018 

1,773,655 

1,131,140 

10,433,181 

226;000 

2,400,228 

380,385 

2,068,870 

1,833,377 

1,150,493 

16,061,783 

444,000 

2,851,038 

(?fliniiri 

429,490 

TMhn-imls 

1,812,021 

ihw^        

2,473,311 

tain 

1,169,615 

Ifnited  States 

14,252,321 
576,000 

Otkvoountries 

Ty)tol 

25,063,712 

25,448,530 

27,246,815 

24,330,136 

23,563,805 

I  Not  inchiding  free  ports  prior  to  Mar.  1, 1906.  *  ATierage  1007-1010. 

Table  2. — Imports  of  turpentine  (gallons)  by  various  eountrieSy  1901-1910. 


Country. 


1001 


1002 


1003 


1004 


1005 


-^*«»^^Wmig*fy      . 

Goada 

Gflrmny 

Wt.... 

Nitfaerlaiidi 

rated  Eii«dom 

Oteeoontriea 

Total 

Coontry. 
AoKriapHinicary 

^m^...vz::.. 

Gaiuaiiy 

KatTT:. 

Ndb^nds 

rated  Ktegdom 

Otter  oountrJfiB. 

Total 


1,762,678 
023,370 
8,435,688 
658,410 
1,805,548 
0,701,051 
2,218, 100 


1,821,040 
006,151 
8,077,400 
663,187 
3,245,583 
7,042,324 
1,655,645 


1,730,705 
800,135 
8,300,166 
771,457 
2,720,788 
8,012, 184 
1,031,217 


2,071,834 
010,443 
8,438,872 
816,621 
2,220,134 
7,007,410 
2,453,412 


2,021,465 
048,100 
8,539,824 
687,284 
2,248,032 
7,603,933 
2,199,739 


25,504,844 


24,314,248 


24,374,052 


24,818,735 


24,338,377 


1006 


1007 


1906 


1900 


1910 


2,218,072 
1,011,283 
0,966,600 
048,162 
2,711,760 
7,673,768 
3,174,227 


2,201,131 
1,028,036 
8,086,011 
021,278 
3,035,006 
7,515,293 
3,172,429 


2,400,680 
1,081,180 
10,088,770 
1,020,117 
3,032,317 
8,656,464 
2,047,196 


2,430,635 
1,141,238 
0,764,051 
824,643 
2,786,377 
6,622,833 
2,478,389 


2,502,527 
1,044,734 
8,650,883 
866,538 
2,096,243 
7,041,316 
2,848,791 


27,703,961 


26,951,074 


30,135,733 


25,956,166 


26,649,032 


Table  3. — Exports  of  rosin  (barrels)  by  various 

countries, 

1901-1910 

Country. 

1001 

1902 

1903 

1904 

1905 

intrk^nnprary..,. 

12,083 
150,018 
233,833 
140,280 
10,000 
2,601,523 
1,168 

12,066 

120,558 

267,343 

135,078 

17,143 

2,629,519 

2,095 

11,884 

159, 115 

225,136 

125,565 

23,929 

2,563,977 

5,820 

12,965 
162,913 
299,794 
147,971 
32,143 
2,501.521 
0,765 

12,044 

(imvmav     "   '         

166,606 

Sithalaaxia 

209,085 

SsSr^ 

174.273 

taia.::::: ::::... 

66,429 

f^Bit>HlBtotf« 

2,2';8.126 

20,266 

Total 

8,240,664 

3,184,702 

3,115,426 

3,167,067 

2,895.829 

Coontry. 

1006 

1907 

1908 

1909 

1910 

iniria.TTanrary.. 

11,266 
164,602 
284,104 
147,161 

51,786 
2,481.260 

20,046 

10,784 
196,495 
278,832 
174,607 

61,967 
2,636,149 

22,455 

9,399 
217,706 
300,885 
130,826 
60,804 
2,601,181 
18,340 

8,188 
171,497 
202,249 
90,410 
53,183 
1,984,525 
20,114 

7,265 

(iSmmf!^f^:.: 

198.865 

Si<h.ffmd^       : 

199,335 

^™™ 

137.661 

SE.;;.;:::.... 

80,602 

SSSfBtefii 

2,269.339 

Ottgcuuniiiw 

43,294 

Total        

8,160,283 

8,876,280 

3,356,731 

2,530,166 

2,036.361 
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Table  4. — Imports  of  rosin  (barrels)  by  various  countries y  1901-1910. 


Country. 

1901 

1902 

1903 

1904 

1905 

A  u«»tT'a-TTung«ry 

284,128 
140,639 
839,724 
237.030 
692,980 
777,341 

208,749 
28,001 
705,489 
234,733 
721,487 
870,925 

257.576 
57,033 
844,585 
241.735 
656,742 
770,066 

231,515 
93,118 
834.069 
234,261 
712.778 
935,580 

223.149 

Canada .  T. . ' 

67.525 

Qennany  > 

743.906 

Russia 

213.489 

United  Kingdom 

632.181 

Other  countries 

842,835 

Total 

2,971,842 

2,769,384 

2,826,737 

3,041,322 

2.723,061 

Country. 

1906 

1907 

1906 

1900 

1910 

A  iiatH«uTTnngft.rv 

261,980 
68,454 
840,351 
216,361 
624,988 
859,326 

265,415 
78,068 
884,393 
242,655 
634,051 
953,244 

294,012 
60,729 

1,022,197 
209,738 
613,209 

1,031,975 

250,822 
82,026 
774.308 
201,176 
530,192 
826,077 

263,425 

Canada x        r 

85.438 

Oflfmany  >. 

857.970 

Russia 

223.629 

United  Kingdom 

568,914 

Other  coun&i« 

901,688 

Total 

2,871,460 

3,067,816 

3,201,860 

3,664,601 

2,801.064 

^  Not  including  free  ports  prior  to  Mar.  1, 1906. 

Tables  5  and  6  show  the  growth  and  present  magnitude  of  the  tur- 
pentine and  rosin  industry  in  the  United  States  and  the  large  amount 
of  capital  involved  in  producing  and  exporting  naval  stores.  It 
would  seem  from  Table  6  that  the  production  of  turpentine  and  rosin 
in  this  country  has  reached  its  maximum,  and  this  conclusion  is 
further  borne  out  by  a  survey  of  the  stumpage  supply  still  available 
for  naval  stores  operations  (p.  41).  Table  7  shows  the  exports  of 
naval  stores  by  States. 

Table  5. — Number  of  establishments  and  auantUy  and  value  of  turpentine  and  rosin 

produxxd—  United  States. 

[Figures  taken  from  reports  of  the  Bureau  of  the  Census.) 


Year. 

Number 
of  estab- 
lish- 
ments. 

Turpentine. 

Rosin. 

Combined 

value  of 

turpentine 

ana  rosin. 

Gallons. 

Value. 

Barrels. 

Value. 

U913 
11912 
U911 
1910 
1909 
1908 
1907 
1901 
1900 
1890 
1880 
1870 
1860 
1850 
1810 

32,000,000 
34,000,000 
31,900,000 
27,750,000 
28,941,000 
36,589.000 
34,181,000 
30,687.000 
38,488,000 

3,815,000 
4,000,000 
3,800.000 
3,651,000 
3.258,000 
4.288.000 
3.999,000 
3,508,000 
2,563,000 



$17,680,000 
12,654,000 
14.112,000 
18.283,000 
15,170,000 
14.960,000 

$18,265,000 
12,577,000 
17,795.000 
17,317,000 
8,726,000 
5,129,000 

$35,935,000 
25,231,000 
31,907.000 
35,600,000 
23,896.000 
20.090,000 
"8,077,000 
•5,877,000 
<3,585,000 
« 6, 468. 000 
s  2, 856. 000 

1,585 

1,696 

1,629 

1,287 

1.503 

670 

508 

227 

625 

856 

122.900 

176,650 

» 2.000 

1 1 

>  According  to  Naval  Stores  Review  of  Apr.  4, 1914. 
s  Combined  value  of  all  naval  stores. 
*  Includes  pitch. 
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Tablb  e.-'QuantUff  and  value  of  spirits  of  turpentine  and  rosin  exported,  1860-191S, 
[Figures  from  the  Bureau  of  the  Census.] 


Year 

(ending 
June  30). 

.     Turpentine 

Rosin. 

GaUons. 

Value. 

Barrels. 

Value. 

1913 

21          97 

18 

2,806,046 

$1             45 

1912 

19          41 

10 

2,474,460 

1             i50 

1011 

14          51 

10             1 

2,189,607 

1             35 

1910 

15          87 

8 

2  144,318 

88 

1909 

17           28 

7           ; 

2,170,177 

138 

1908 

19           83 

10 

2,712,732 

1              26 

1905 

15           13 

8 

2,310,275 

64 

1903 

16           87 

8              I 

2,396,498 

05 

1900 

18           82 

8              1 

2,369,118 

167 

1890 

11           20 

4 

» 1,601  377 

1              73 

1880 

7           00 

2 

11,040,345 
1583,316 

1              80 

1870 

3           97 

1 

1             25 

1860 

4           23 

1 

1770,652 

1             38 

1  Turpentine  included  with  rosin. 

Table  7. — Exports  of  spirits  of  turpentine  and  turpentine  and  rosin  by  decimal  years. 

1860-1900. 

[Figures  from  Twelfth  Census  of  the  United  States,  No.  126.) 


1900 

1890 

1880 

State. 

Spirits  of 
turpentine. 

Turpen- 
tine, roshi, 
and 
pitch. 

Spirits  of 
turpentine. 

Turpen- 
tine, rosin, 
and 
pitch. 

Spirits  of 
tiupentlne. 

Turpen- 
tine and 
rosin. 

AM«ni4^ 

OaUoM. 
153,018 

Barrels. 
58,646 
7 
535 

QaUom. 
210 

Bantu. 

QaOffM. 

Barrels. 
22,373 

AttKka 

nwifarnia 

45 

25 

6,055 

125 

Ddaware 

1,375 
12,215 
91,909 

5  089 

Florida 

795,267 

14,023,328 

212,031 

34,103 

111 

2,044 

307,716 

243,452 

1,408,028 

47,890 

831 

174,416 

18,359 

3,879 

5 

2 

1,742 

7,251,929 

599 

4,062 

3,002 

29,418 

5  434 

7,053 

940 

841,217 

1,128 

79 

.50,928 

7;038 

1,939 

5 

25,728 

570,549 

276 

90 

754 

50,915 

7,689 

362 

QeoRia 

ij^iSSm% 

iiahi^::::::. :::.:::::.:::: 

528 

MtfTtond 

7,623 

3,612 

103 

tfsnrviunfitts 

ITMkipm 

lfi"~^t4l 

17 

IQsslssippi 

10 

iffflitana^d  IdAho      . 

11 

1,630,164 

53,974 

39,649 

40 

New  York 

252,801 

139,767 

1,774 

894,287 
1,751,270 

267,801 
304,100 

1,105,100 
3,630,009 

227,746 
497,456 

North  CaroUna. 

North  aod  South  Dakota 

Ohio 

Or^qo 

650 
500 

Psmtrlvfinia . , 

121 

144 

1,201 

1,443 

7,974 

Bho4i»  Tfffamd .  . 

Sooth  CaroUna 

21,248 

126 

15,631 

1,293,389 
i;515 

140,399 
412 

1,601,447 
762 
41 

2U) 

158,563 

lynt-p     

060 
235,776 

42 

Vmnqnt 

Virvinfa           

2,49i 

3,585 

Wa9h%IFtim   , 

2,525 

923 

3,860 

wcssjr 

1 

'^ital 

18,090,582 

2,389,364 

11,248,920 

1,619,704  !     7.091.200 

1,040,345 

'       ' 
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Table  7. — Exports  of  spirits  of  turpentine  and  turpentine  and  rosin  by  decimal  years y 

1860-1900— Gontimied . 


1870 

1860 

State. 

Spirits  of 
turpentine. 

Turpen- 
tine and 
rosin. 

Spirits  of 
turpentine. 

Turpen- 
tine tod 
ToabL 

Alab&ina .... 

GaUom. 
462 
1,965 

Barrels. 
885 
76 

Oanofu. 

BBrreU. 
600 

OaHfomlft 

1,280 
640 

2 

(lonnwtVnit.  - , 

10 

Florida 

90 

518 
519 

30,626 

11,435 

32 

1 

464,538 

33,212 

3,063 

Georgia 

137 
11,197 

134 

T^lblAiiA. .,.,__.,.... 

7,668 

18,900 

Mftfn^  .  .                                                             ... 

100 

Miirylivid ,      ,                                                                      

6,104 
62,611 

38,660 
123,163 

20,268 

W««8«ChUS*ttff. .      

16,606 

Midiigan 

Minn4«ota ,            



New  York 

796,824 
2,042,756 

2,816,768 
736,948 

862,253 

North  Carolina. 

77,851 

Ohio 

Pennsylvania ' 

544 

25,611 

200 

315,009 

19,845 

Rhode  Island 

5>4 

South  Carolina 

273 

26,279 

318 

2 

4,347 

50,753 

Texas 

Vermont 

80 

Vir^lA 

80 

3,000 

2,748 

Total 

8,246,697 

688,316  1    4.072.023 

770,663 

NoTB.— The  exports  of  turpentine  and  rosin  firom  a  State  bear  no  relation  to  the  amounts  aetoaOy  pio- 
dooed  within  the  State,  but  to  the  possession  of  shipping  centers  for  the  naval  stores  trade. 

COMMERCIAL  UTILIZATION  OF  PRODUCTS. 
TURPENTINE. 

Paints  and  varnishes. — ^The  greater  portion  of  the  turpentine  pro- 
duced finds  its  way  into  paints  and  varnishes.  The  three  main  classes 
of  varnishes  are  spirit  varnishes,  linseed-oil  varnishes,  and  turpentine 
varnishes.  The  turpentine  varnishes  are  made  by  dissolving  resins, 
such  as  amber,  copal,  etc.,  in  hot  turpentine  and  are  tough  and  flex- 
ible.   Linseed-oil  varnishes  are  often  diluted  with  turpentine. 

Turpentine  is  used  in  paints  and  varnishes  chiefly  as  a  thinner,  of 
which  the  properties  demanded  are  solvent  action,  oxidizing  power, 
penetration,  and  proper  evaporation. 

PriTvt  goods. — ^Turpentine  finds  an  important  use  in  the  m^ufac- 
ture  of  cotton  and  woolen  print  goods  in  preventing  '* bleeding,"  or 
running  together  of  colors,  where  several  colors  are  printed  at  the 
same  time.  It  also  prevents  the  color  from  penetrating  the  fabric, 
which  is  particularly  important  in  the  case  of  woolen  goods  if  uneven- 
ness  of  the  material  is  to  be  avoided. 

Camphor. — ^Many  attempts  have  been  made  to  produce  camphor 
from  turpentine  on  a  commercial  scale,  but  so  far  none  has  been 
entirely  successful.  However,  terpineol,  terpin  hydrate,  and  similar 
bodies  are  manufactured  from  turpentine  in  considerable  quantities. 

RvJbher  industry. — ^Turpentine  is  important  as  a  solvent  for  rubber, 
caoutchouc,  and  similar  substances. 
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Rosm. 

Roein  is  employed  extensively  in  the  maniif  acture  of  soap,  paper, 
oilcloth,  linoleum,  sealing  wax,  fly  paper,  printing  inks,  roofing  mate- 
riAb,  brewer's  pitch,  electric  wiring,  lubricating  compounds,  medicinal 
preparations,  etc. 

Rosin  soap. — ^Rosin  has  the  property  of  combining  with  alkalies, 
such  as  caustic  soda  and  potash,  to  form  "soaps"  which  are  readily 
soluble  in  water.  Their  color  is  yellowish  or  yellowish-brown,  depend- 
ing on  the  color  of  the  rosin  used.  At  ordinary  temperatures  rosin 
soaps  have  the  consistency  of  butter,  and  on  account  of  their  relative 
dieapness,  axe  usually  added  to  the  hard  soaps  made  from  tallow. 
In  themselves,  however,  rosin  soaps  possess  valuable  properties,  and 
their  addition  to  tallow  or  other  hard  soaps  can  not  always  be  consid- 
ered an  adulteration. 

Resin  driers. — ^The  metallic  salts  of  the  resin  acids  are  known  as 
driers.  They  are  made  by  adding  a  solution  of  the  salt  of  a  metal 
such  as  manganese  to  a  solution  of  ^' rosin  soap''  when  the  insoluble 
manganese  resinate  precipitates;  or  the  rosin  is  fused  with  the 
metallic  oxide.  These  metallic  resinates,  known  as  *' Japan  driers," 
cause  the  oxidation  or  ^'drying"  of  oil  paints  and  varnishes  and  are 
extensively  used  for  this  purpose.  The  lead  and  manganese  resin- 
ates are  used  most  frequently. 

The  various  enamels  used  in  ceramics  consist  of  resinates  of  the 
various  heavy  metals.  The  resinates  are  dissolved  in  turpentine  and 
the  resulting  solution  painted  on  the  earthenware,  after  which  the 
vessels  are  *' fired." 

R(mn  size. — One  of  the  most  important  uses  of  rosin  is  as  a  '^size" 
or  coating  for  writing  or  printing  papers,  which  must  take  ink.  A 
rosin  soap,  containing  about  3  pounds  of  rosin  to  1  of  soda,  is  added 
to  the  pulp  in  the  holiander,  and  after  that  a  solution  of  alum.  The 
latter  decomposes  the  rosin  soap,  and  the  result  is  a  precipitate  of 
free  rosin  and  some  alumina  which  becomes  entangled  in  the  fibers 
of  the  paper.  When  the  paper  is  passed  over  hot  calendar  rolls  in 
finishing,  the  rosin  fuses  to  a  smooth,  vamish-like  layer  on  the 
surface* 

Brewers'  pitch. — Barrels  intended  to  hold  beer  or  other  fermented 
beverages  are  coated  with  brewers'  pitch,  which  renders  the  barrels 
easy  to  clean  and  improves  the  taste  of  the  beer.  The  pitch  is  made 
of  pure  rosin,  with  the  addition  of  a  certain  amount  of  turpentine  or 
refined  rosin  oil  to  prevent  brittleness.  Some  manufacturers  make 
the  pitch  supple  by  adding  rosin  soap. 
88767<»— Bull.  22»— 15 2 
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Products  of  the  distillation  of  rosin. — When  rosin  is  heated  at  tem- 
peratures above  its  melting  point  it  decomposes'  into  gases  and  oils. 

The  hghtest  of  these  oils,  rosin  spirit  or  pinolme,  is  used  as  an 
illuminant,  and  also  as  a  solvent,  especially  as  a  substitute  for  turpen- 
tine. The  heavier  rosin  oils  are  used  in  the  manufacture  of  printing 
inks  and  lubricants.  Wagon  grease  is  often  made  by  boiling  rosin 
oil  with  lime. 

The  distillation  of  rosin  is  carried  but  on  a  large  scale  in  Grennany 
and  France,  the  darker  grades  of  rosin  imported  from  America  being 
used  for  this  purpose.  Comparatively  httle  is  distilled  in  the  United 
States. 

Lampblack. — ^Rosin  oil  can  be  used  for  the  manufacture  of  lamp- 
black which,  from  the  standpoint  of  color  and  minuteness  of  division, 
is  of  the  highest  quality.  The  finest  grades  are  used  in  the  manu- 
facture of  india  ink,  in  hthography,  and  in  artistic  printing  with 
copper  plates. 

FORMATION  AND  FLOW  OF  RESIN  IN  THE  LIVING  TREE. 

Resin  suitable  for  the  production  of  naval  stores  is  found  only  in 
in  coniferous  trees.  Moreover,  only  pines  yield  resin  abundantly, 
and  of  these  only  two  species,  longleaf  pine  (Pinus  palustris)  and,  to 
a  small  extent,  slash  pine^  (Pinus  Jieterophylla)  are  tapped  in  the 
United  States. 

No  universally  accepted  theory  dealing  with  the  formation  of  resin 
has  as  yet  been  advanced.  It  is  generally  conceded,  however,  that 
resin  is  formed  as  a  by-product  during  the  transformation  of  food 
materials,  such  as  starch,  into  woody  tissue.  The  resin  is  stored  in 
two  systems  of  elongated  passages  or  resin  ducts.  In  one  system  the 
ducts  are  parallel  to  the  pith  of  the  tree;  in  the  other  they  he  hori- 
zontally in  radial  planes.  The  ducts  form  in  the  growing  tissue  or 
cambium  layer  just  beneath  the  bark,  the  two  systems  intersecting  to 
form  a  continuous  network  of  resin  passages. 

When  the  cambium  layer  is  cut  the  growth  of  tissue  near  the  wound 
is  stimulated,  and  the  number  of  resin  ducts,  and  consequently  the 
amount  of  resin  formed,  is  considerably  increased.  The  area  in  which 
additional  or  secondary  resin  ducts  are  formed  apparently  extends 
from  2  to  3  inches  above  and  to  a  lesser  distance  below  the  wound. 

1  The  products  resulting  from  distillation  and  their  percentages  are  as  follows: 

Losses  (rosin  adhering  to  walls  of  still)  per  cent..  1.0    Light  oil  (turbulent) percent..  6.0 

Oasesevolved do 9.0   Light  oil,  hearts do 58.0 

Add  water do 3.5   Blue  oil  and  red  oil do 16.0 

Rosin  spirit  or  pinollne do 3.6   Residue,o6ke do 4.0 

*  Slash  pine  is  of  comparatively  infrequent  occurrence,  but  is  tapped  wherever  found  on  areas  being 
turpentined. 
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The  additional  ducts  require  from  2  to  4  weeks  for  their  formation 
foil  of  resin. 

If  a  new  cut  is  made  just  above  the  old  one,  after  the  additional 
ducts  have  had  a  chance  to  form,  the  flow  will  show  a  large  increase 
over  that  obtained  from  the  original  wound,  due  to  the  additional 
ducts. 

DepOh  cf  cut. — Since  the  additional  ducts  form  only  in  the  cam- 
bium layer,  and  since  they  yield  by  far  the  greater  part  of  the  resin, 
cutting  deeper  than  this  layer  induces  but  little  additional  flow.  In 
commercial  operations  the  depth  of  the  cuts  or  "  streaks '*  runs  from 
(me-half  to  one  inch.  Such  streaks  are,  of  course,  much  deeper  than 
necessary,  and  to  just  that  extent  tend  to  reduce  the  vitality  of  the 
tree  and,  m  consequence,  its  ability  to  give  a  sustained  flow.  Tests 
have  shown  that  a  greater  average  flow  over  a  four-year  period  can  be 
obtained  from  trees  with  streaks  0.4  inch  deep  than  from  trees  with 
streaks  0.7  inch  deep.  In  any  case,  shallow  streaks  give  fully  as  large 
a  flow  of  resin  as  deep  ones,  when  the  period  of  tapping  extends  over 
two  years  or  more.  The  tools  used  at  present,  however,  make  it 
difficult  to  cut  shallow  streaks,  while  the  custom  of  deep  chipping  is 
pretty  finnly  established  through  long  usage. 

Height  of  chip. — ^When  a  new  "streak"  is  made  the  flow  of  gum  is 
at  first  comparatively  rapid,  but  gradually  decreases  until  at  the  end 
of  a  week  it  has  practically  ceased.  The  diminution  of  flow  is  pre- 
sumably caused  by  the  gradual  hardening  of  the  resin  in  the  exposed 
ends  of  the  ducts,  which  residts  in  plugging  them.  It  then  becomes 
necessary  to  chip  again.  In  deciding  how  thick  a  chip  should  be 
taken  off,  or  how  much  the  "face"  or  scar  shoidd  be  increased  in 
height  to  give  a  new  flow,  it  should  be  remembered  that  the  bulk  of 
the  resin  is  produced  in  the  region  between  the  wound  and  a  point 
about  two  inches  above  it.  For  this  reason,  no  more  of  the  wood 
immediately  above  the  old  woxmd  shoidd  be  removed  than  is  necessary 
to  open  up  the  ends  of  the  resiu  ducts  in  which  the  gum  has  hardened. 
Since  in  the  space  of  a  week  the  resin  does  not  harden  in  the  ducts  for 
a  distance  greater  than  one-fourth  inch  from  the  surface  of  the  cut, 
a  chip  that  increases  the  height  of  the  face  one-f oiui,h  inch  is  all  that 
b  necessary.  In  practice,  the  vertical  height  of  the  new  streak  fre- 
quently exceeds  1  inch,  thus  eliminating  practically  one-half  of  the 
wood  where  most  of  the  resin  is  being  produced,  and  decreasing  the 
productive  period  of  the  tree  four  times  as  rapidly  as  necessary. 
With  the  present  type  of  tool  it  is  difficult  to  cut  a  one-fourth  inch 
streak,  and,  moreover,  the  difficulty  of  changing  an  old  established 
custom  again  presents  itself.  The  chipping  tool  shoidd  always  be 
sharp.  A  dull  edge  tends  to  crush  the  ends  of  the  resin  ducts  instead 
of  cutting  them  clean,  thus  preventing  a  free  flow. 
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Frequency  of  chipping, — ^Table  8  shows  the  rate  with  which  the 
gum  flows. 


Table  8.- 

—Rale  of  exudation  of  gum  from  ^^cMpped* '  longUaf  pine. 

Day. 

Grams  of 
gum. 

Total  ex- 
udation. 

!                  T^«                        'Grains  of 

Total  ex- 
udate. 

First 

113.0 
22.6 
13.5 
9.0 

(') 

Percent. 
67.26 
13.39 
8.04 
5.36 

1                                                1 

1  Fifth  and  sixth 9.0 

PereenL 
5.36 

Spcond 

i  Seventh ^           1.0 

0.50 

Third 

Fourth 

Total '     M68.0 

loaoo 

Fifth 

I  No  weighing. 


2 168  grams  equal  0.37  pound. 


It  is  seen  that  88  per  cent  of  the  total  flow  occurs  during  the  first 
three  days.  As  the  resin  ducts  become  plugged  with  coagulated  or 
crystaUized  gum  the  flow  gradually  ceases,  and  the  gum  thereafter 
produced  is  stored  in  the  resin  ducts  until  the  ends  are  again  opened. 
When  the  ducts  immediately  above  the  wound  become  full,  the  resin 
tends  to  diffuse  or  soak  into  the  wood  further  removed  from  the  bark 
This  diffused  resin  does  not  drain  out  when  the  tree  is  wounded,  and 
for  this  reason  chipping  should  be  done  often*  enough  to  insure  that 
the  active  ducts  immediately  beneath  the  bark  and  above  the  wound 
will  not  remain  full  of  gum.  On  the  other  hand  time  should  be  al- 
lowed between  chippings  for  a  new  supply  of  gum  to  form.  In  prac- 
tice, trees  are  chipped  once  a  week.  It  is  possible  that  more  frequent 
chipping  would  give  a  greater  yield  of  gum  for  a  short  period  (one  or 
two  years),  but  at  the  same  time  it  might  further  reduce  the  vitaUty 
of  the  tree  and  so  result  in  a  smaller  total  yield  over  a  longer  period. 
The  increased  yield,  moreover,  must  be  enough  to  justify  the  addi- 
tional expense.  Experiments  are  needed  to  show  how  the  rate  of 
flow  is  affected  by  frequency  of  chipping  in  operations  extending  over 
different  periods  of  years. 

Size  and  number  of  faces. — The  scar  on  the  tree  caused  by  successive 
chippings  is  usually  about  14  inches  wide,  and  is  known  as  the  "face." 
Wounding  the  tree,  of  course,  diminishes  its  vitaUty  by  interfering 
with  the  transmission  of  water  from  the  roots  to  the  leaves  and  of 
nutritive  matter  from  the  leaves  to  the  roots.  When  a  small  tree, 
8  or  10  inches  in  diameter,  is  chipped,  it  usually  either  dies  outright 
or  its  further  growth  is  greatly  retarded,  even  though  the  width  of 
the  face  is  kept  at  the  minimum. 

PRINCIPLES  UNDERLYING  THE  DISTILLATION  OF  CRUDE  GUM. 

The  crude  gimi  was  formerly  distilled  without  the  addition  of 
water;  in  consequence  the  quality  of  the  resulting  turpentine  and 
rosin  was  poor.  The  yield  of  turpentine  was  very  low,  but  it  was 
impossible  to  increase  it  without  coloring  the  hquid  yellow  with  the 
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decomposition  products  of  the  rosin.  Other  conditions  being  the 
same,  the  question  of  obtaining  water-white  turpentine  and  rosin 
depends  lai^ely  on  the  temperature.*  The  introduction  of  the 
practice  of  using  water  during  the  distillation  increased  the  yield  and 
quality  of  the  turpentine  and  residted  in  rosin  of  a  lighter  color. 
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Turpentine  begins  to  boil  at  about  313*^  F.*  and  the  greater  portion 
of  fresh  turpentine  distills  between  Sll^'F.  and  324^  F.  (See  fig.  2). 
If  an  attempt  is  made  to  distill  turpentine  direct  from  a  gum  contain- 

*  Itsbookl  be  borne  in  mind,  however,  that  it  is  impossible  to  make  light  rosin  from  scrape  and  dip  from 
iid  boons  or  wheo  the  gam  contains  large  amounts  of  trash  by  following  the  ordinary  methods  of  produo- 
tioa.  Seep. 27. 

>Xr  F.  -  95*  C.  aoa*  F.  -  150*  C.  824*  F.  -  1«2*  C.  a07*  F.  -  97*  C.  313\F.  -  166*  C.  363* 
F.-184T.    212*  F.  -  IW  e.    317*  F.  -  158*  C.    3fl2*  F.  -  200*  C. 
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ing  75  per  cent  rosin  and  25  per  cent  turpentinei,  the  turpentine  in  the 
absence  of  water  will  not  be^  to  boil  at  3 13**  F.,  but  at  about  363°  F., 
owing  to  the  presence  of  the  rosin.  Rosin  does  not  b^in  to  decom- 
pose perceptibly  until  a  temperature  of  about  392°  F.  is  reached,  but 
after  the  turpentine  in  the  gum  begins  to  distill  off  at  363°  F.,  the  tem- 
perature of  the  gum  rises  rapidly.  For  this  reason,  only  a  portion  of 
the  turpentine  will  be  obtained  before  the  decomposition  of  the  rosin 
begins.  In  fact,  it  would  be  impossible  to  obtain  all  the  turpentine  in 
the  gum,  and  that  secured  would  be  yellow,  while  at  such  high  tem- 
peratures the  rosin  would  also  be  quite  dark.  Practice  has  shown 
that  the  best  quality  of  turpentine  and  rosin  is  obtained  at  a  tempera- 
ture of  302°  F.,  which  calls  for  the  use  of  water  in  the  distillation. 

A  liquid  b^ins  to  boil  when  the  pressure  of  its  vapors  is  equal  to 
or  sUghtly  exceeds  the  pressure  of  the  atmosphere.  Thus,  water  boils 
at  212°  F.  and  turpentine  at  313°  F.  Turpentine  and  water  are  non- 
miscible  hquids,  and  according  to  physical  law  will  distill  together 
when  the  sum  of  their  vapor  pressures  equals  the  vapor  pressure 
of  the  atmosphere.  Theoretically  a  turpentine,  with  a  constant 
boiling  point  of  313°  F.,  and  water  will  distill  together  at  a  tempera- 
ture of  203°  F.,  the  proportion  of  water  and  turpentine  in  the  distillate 
remaining  practicaUy  constant  until  one  of  the  Uquids  is  exhausted. 
Owing,  however,  to  the  complex  nature  of  ordinary  turpentine  with  its 
wide  range  of  boiling  points,  turpentine  and  water  will  b^in  to 
distill  at  about  203°  F.,  and  the  temperature  will  rise  finally  to  about 
212°  F.  The  distillate  will  at  first  contain  about  60  per  cent  of  tur- 
pentine by  volume,  the  turpentine  content  of  the  distillate  gradually 
decreasing  to  practically  zero. 

In  a  mixture  of  gum  (containing  75  per  cent  rosin  and  25  per  cent 
turpentine)  and  water,  distillation  will  not  begin  at  203°  F.,  as  in  the 
case  of  pure  turpentine  and  water,  but  at  207°  F.  As  the  gum  grows 
poorer  in  turpentine  the  temperature  rises  imtil  212°  F.  is  reached. 
At  this  temperature  all  the  tiUT)entine  will  have  distilled  over. 

In  actual  practice  all  the  turpentine  does  not  distill  at  212°  F. 
when  water  is  added,  owing  to  the  physical  difficulty  of  bringing 
more  than  the  surface  of  the  gum  in  contact  with  the  water.  On  this 
account  the  gum  must  be  heated  to  a  temperature  that  will  make  it 
readily  fluid  and  produce  convection  currents  in  lieu  of  stirring.  If 
live  steam  were  introduced  into  the  mass  all  the  turpentine  could  be 
removed  below  212°  F. 

COMMERCIAL  METHODS  OF  COLLECTING  CRUDE  GUM. 

BOX  SYSTEM. 

OuttiTig  iJie  boxes. — ^The  first  operation  in  turpentining  by  the  box 
method  consists  in  cutting  a  cavity  (fig.  3)  into  the  base  of  the  tree 
for  holding  the  crude  gum.    This  cavity,  called  the  "box"  is  cut 
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the  winter  months.  The  work  is  performed  by  a  squad  of 
fflx  or  seven  negroes  under  an  experienced  overseer,  who  tallies  the 
boxes.  The  cutting  is  done  by  piecework,  and  each  negro  has  a  num- 
ber which  he  ca'^ls  as  soon  as  he  has  finished  a  box.  The  tool  used  is 
an  ax  with  a  long  narroi^  blade.    An  experienced  man  will  cut  a  box 


s 


; 


-,A', 


Fio.  3.— OpentioDs  in  cutting  a  "box." 

1.  First  step  in  cutting  box.    Gashing  tree. 

2.  Finished  box.    Front  view. 

3.  Finished  box.    Side  view. 

4.  Cornered  box. 

5.  First  streak. 


^th  surprising  neatness  in  from  four  to  eight  minutes.    The  dimen- 

^ons  of  the  box  vary  somewhat  with  the  size  of  the  tree.    Usually 

a  box  is  12  to  14  inches  wide,  7  inches  deep,  3i  to  4  inches  from  front 

to  back,  and  holds  about  3  pints.    Shaped  like  a  distended  pocket, 

it  is  cut  into  the  base  of  the  tree  8  to  12  inches  above  the  groimd, 
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although  in  second-growth  timber  this  distance  may  be  only  from 
5  to  6  inches. 

The  position  of  the  box  depends  on  the  configuration  of  the  tree. 
If  the  latter  leans,  as  is  usually  the  case,  the  first  box  is  placed  on  the 
side  opposite  to  the  direction  in  which  it  leans,  which  is  generally  the 
position  occupied  by  the  most  prominent  root.  When  additional 
boxes  are  cut  on  a  leaning  tree,  the  loss  occasioned  by  the  gum  falling 
outside  the  box  increases  each  year  the  tree  is  bled;  in  some  cases 
Uttle,  if  any,  resin  reaches  the  box  from  the  fourth 
year's  chipping. 

Cornering. — ^Two  or  three  weeks  before  the  chip- 
ping season  opens  the  "boxes  are  cornered''  (fig.  3 
(4)).  The  operation,  which  is  done  with  an  ordinary 
ax,  consists  in  removing  a  triangular  chip  about  1 
inch  thick  above  the  comers  of  the  box,  a  right- 
handed  and  a  left-handed  man  usually  working  to- 
gether. The  chip  is  removed  by  making  one  gash 
which  rises  obliquely  from  the  apex  of  the  triangular 
opening  of  the  box  and  another  gash  which  rises 
perpendicularly  from  the  comer  of  the  box  to  meet 
the  former.  This  operation  serves  to  form  both  a 
surface  for  future  chipping  and  channels  for  guiding 
the  flowing  gum  into  the  box. 

Chipping, — ^The  scarification  of  the  tree,  or  chip- 
ping, begins  in  early  spring,  usually  in  March,  and 
continues  each  week  up  to  October  or  November, 
when  the  flow  of  gum  practically  ceases.  The  num- 
ber of  chippings  is  usually  32  per  season,  although 
owing  to  weather  or  labor  conditions  it  may  vary 
between  28  and  35. 
Fio.4.-Hack  with  The  instrument  used  for  chipping  or  making  the 
ean  w  "streak"  is  called  a  "hack"  (fig.  4).     It  consists  of 

a  flat,  steel  blade  2i  inches  wide,  bent  hito  the  shape  of  a  U, 
measuring  an  inch  between  the  sides.*  The  blade  is  fastened  at 
right  angles  to  one  end  of  a  wooden  handle  18  inches  long  and  2 
inches  in  diameter,  to  the  opposite  end  of  which  is  attached  a  pear- 
shaped  iron  weight  weighing  from  5  to  7  pounds;  the  blade  and  han- 
dle weigh  about  1  pound. 

The  chipper  (PL  I,  fig.  1)  stands  directly  in  front  of  the  face  and 
removes  with  the  hack  two  strips  of  wood  and  bark  one-half  to  three- 
fourths  of  an  inch  wide  and  one-half  to  1  i  inches  deep,  parallel  with  the 
oblique  gashes  made  in  cornering.  The  removal  of  the  two  strips 
constitutes  the  "streak,"  which  is  in  the  shape  of  a  V,  having  an 
angle  of  about  95"*.    The  apex  of  the  angle  is  called  the  "peak"  and 

*  Three  sizes  of  hacka  are  made.    The  blade  described  is  for  a  No.  1  aiie  hack. 
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"  PULLINQ." 
This  tree  orlginalJy  boxed;  cups  substituted  later. 
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fies  directly  above  the  center  of  the  box.  The  hack  is  given  a  quick, 
swinging  motion,  and  the  momentum  furnished  by  the  iron  ball 
enables  one  side  of  a  streak  to  be  made  with  only  two  or  three  blows. 
Chippers  are  paid  from  75  cents  to  $1  per  thousand  streaks,  according 
to  tiie  condition  of  the  crop  and  the  scarcity  of  labor. 

After  the  first  two  seasons  the  increased  height  of  the  face  makes 
the  use  of  a  hack  impracticable,  and  a  ''puller"  is  used  in  its  place. 
This  tool  resembles  the  hack,  except  that  the  blade  is  closed  and  pro- 
vided with  a  long  handle.  The  streak  is  made  by  a  steady  pull 
(PI.  II)  rather  than  with  a  quick  hacking  motion.  After  the  fourth 
season  the  face  is  usually  abandoned,  since  at  that  time  a  height 
of  8  feet  is  attained,  beyond  which  it  is  not  profitable  to  work  a  tree. 
Old  faces  12  feet  in  height  have  been  noted  in  Georgia,  and  others 
even  higher  in  North  Carolina  and  South  Carolina. 

Dipping. — ^The  boxes  fill  with  gum  in  three  or  four  weeks  and  are 
"dipped"  or  emptied  about  seven  times  a  season.  The  workman 
uses  a  tool  called  a  "dipper'',  which  has  a  flat  trowel-shaped  blade 
about  7^  inches  long  and  5^  inches  wide.  This  dipper  is  thrust  into 
the  box  tmder  the  gum,  which  is  removed  by  a  quick  upward  and 
outward  motion  and  flipped  into  a  portable  bucket.  Considerable 
skiU  b  required  to  prevent  loss  of  gum  during  the  transfer.  The 
bucket  is  emptied  into  barrels  placed  at  convenient  points  throughout 
the  woods.  These  barrels,  provided  with  removable  heads,  are 
closed  after  filling,  rolled  upon  wagons  by  means  of  skids,  and  taken 
to  the  still.  Dippers  receive  from  50  cents  to  $1  per  barrel,  according 
to  the  nature  of  the  territory  covered. 

Scraping. — ^A  certain  amount  of  the  gum  does  not  reach  the  box, 
partial  evaporation  of  volatile  oil  leaving  it  too  viscous  to  flow.  Gum 
which  is  perfectly  homogeneous  and  transparent  immediately  after 
exudation  soon  becomes  opaque  from  the  separation  of  white  crystals 
of  the  resin  acids,  and  doubtless  the  greater  portion  of  the  "scrape" 
results  from  the  adherence  of  these  separated  crystals  to  the  face. 
The  amount  of  this  hardened  gum  naturally  increases  with  the  height 
of  the  face.  "Scrape"  is  essentially  a  product  of  longleaf  pine  {Pinna 
pahigtris),  since  slash  pine  (Pinus  heterophyUa)  forms  but  small 
amounts,  which  it  does  not  pay  to  collect.  The  scrape  contains  about 
half  as  much  turpentine  as  the  "dip"  and  gives  a  darker  resin  under 
similar  conditions. 

The  scrape  is  collected  but  once  a  year — at  the  end  of  the  season. 
The  tools  used,  called  "scrapers,"  are  of  two  types.  One  type,  the 
"pusher,"  has  a  flat,  rectangular  blade  4  inches  long  by  4i  to  5  inches 
wide.  This  is  used  during  the  first  two  years,  the  scrape  being 
removed  by  downward  thrusts  of  the  tool.  In  most  cases  the  neces- 
sary violence  of  the  thrust  results  in  removing  large  chips  of  wood 
along  with  the  scrape.  Another  type  of  scraper  ha^  ^  blade  shaped 
88767**— Bull.  22^-15 3 
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like  an  equilateral  triangle  and  in  use  is  given  a  pulling  motion  down- 
ward. 

The  scrape  is  usually  collected  and  distilled  before  the  last  dipping 
is  madC;  since  at  the  end  of  the  season  the  danger  of  fire  breaking  out 
in  the  woods  and  burning  the  faces  is  very  great.  The  dip  in  the 
boxes  is  not  so  great  a  source  of  danger,  since  it  is  usually  more  or  less 
covered  with  water.  In  course  of  removal  the  scrape  is  considerably 
disintegrated,  and  if  stored  in  the  rosin  barrels  for  any  length  of  time 
the  turpentine  evaporates  rapidly. 

A  wooden  box,  called  a  '^scrape  box,"  is  used  to  receive  the  de- 
tached scrape.  This  box  is  about  2^  feet  square  and  open  at  the  top 
and  at  one  end.  The  bottom  at  the  open  end  is  rounded  inward  and 
provided  with  an  apron  of  burlap  to  form  a  dose  contact  with  the  tree 
and  prevent  loss  of  scrape.  The  l^s  project  suflBciently  above  the 
sides  to  serve  as  handles  for  dragging  the  box  from  tree  to  tree, 
though  sometimes  the  box  is  provided  with  wheels.  A  box  will  hold 
from  100  to  150  poimds  of  scrape,  which  is  transferred  to  rosin  barrels 
and  hauled  to  the  still. 

Raking. — After  the  crude  gum  has  been  collected  the  trash  sur- 
roimding  the  base  of  the  tree  is  '^ raked''  away  for  a  distance  of  2\ 
to  3  feet  to  guard  against  fire.  This  operation  is  performed  late  in 
the  fall,  the  tool  used  being  a  hoe  with  a  broad,  heavy  blade.  The 
turpentine  woods  are  intentionally  burned  over  once  each  season,  to 
afford  better  forage  for  stock  the  foDowing  spring,  to  reduce  the  risk 
from  accidental  fires,  and  to  remove  brush  and  other  materials  which 
impede  the  workmen. 

Crops. — ^The  tracts  of  timber  to  be  turpentined  are  divided  into 
sections  called  '* crops,''  a  full  crop  consisting  of  10,500  boxes.* 
Since  each  tree  receives  from  one  to  four  boxes,  4,000  to  5,000  trees, 
covering  an  area  of  200  to  250  acres,  are  required  to  make  one  crop. 
For  convenience  in  working,  the  crop  is  further  divided  into  drifts, 
whose  boundaries  are  defined  by  lines  blazed  on  the  trees.  Each 
drift  contains  about  2,100  boxes,  although  this  number  varies  con- 
siderably. 

The  average  still  has  a  capacity  of  15  to  20  barrels,  so  in  order  to 
make  two  distillations  per  day  with  a  still  holding  20  barrels  of  crude 
gum  the  operator  must  work  20  crops,  covering  an  area  of  four  to  five 
thousand  acres.     It  is  seldom  profitable  to  work  less  than  five  crops. 

CUP  SYSTEMS. 

Historical, — Until  recent  years  the  box  system  was  the  only  one 
used  in  the  United  States  for  coUecting  resin.  While  no  recent 
figures  are  available,  it  is  probable  that  at  present  the  number  of  cups 

1  In  practice  a  "crop''  consists  of  the  number  of  faces  a  man  can  chip  in  horn  four  to  fiye  days.  C(n)3»> 
quenUy  a  "crop"  may  vary  from  7,000  to  10,000,  owing  to  the  topography  o(  the  country  or  danstty  fit 
the  stand. 
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in  use  exceeds  the  number  of  boxes.  During  the  past  two  or  three 
years,  however,  it  is  estimated  that  cups  have  been  hung  on  75  per 
cent  of  the  trees  tapped. 

The  need  of  replacing  the  box  with  a  cup  hung  against  the  tree  was 
felt  many  years  ago. 

Mr.  A.  Pudigon  patented  a  substitute  for  the  box  in  1868,  and  the 
device  received  a  commercial  test  at  Monks  Comer,  S.  C,  but  was 
soon  abandoned  for  some  unknown  reason.  From  that  time  on 
numerous  substitutes  have  been  invented,  but  none  patented  prior 
to  1903  proved  a  conmiercial  success. 

The  first  systematic  attempt  to  improve  the  method  of  coUecting 
gum  was  made  at  Bladenboro,  N.  C,  by  W.  W.  Ashe  in  1894.  A 
comparison  on  a  limited  scale  was  made  between  the  French  cup  and 
gutter  system  and  the  box  system,  and  the  results  showed  a  gain  for 
the  former  of  over  20  per  cent  in  the  value  of  the  products  collected. 

The  preliminary  experiments  begun  in  1901  by  Dr.  Charles  H. 
Herty,  of  the  Forest  Service,  and  continued  in  1902,  mark  the  turning 
point  in  the  method  of  collecting  crude  gum.  Cups  were  first  used  on 
an  extensive  scale  in  1904,  and  since  that  time  their  use  has  become 
more  or  less  general. 

Classes  of  cup  systems  in  use  at  present. — ^The  cup  systems  may  be 
divided  into  four  classes. 

Class  1.  (Plates  III  and  IV.)  The  gum  flowing  down  the  face  is 
guided  into  the  cup  by  means  of  two  galvanized-iron  gutters  inserted 
in  cuts  in  the  tree.  These  gutters  are  2  inches  wide  and  from  6  to  12 
mches  long,  depending  on  the  size  of  the  tree,  and  are  bent  into  an 
obtuse  angle.  Sufficient  bark  and  sapwood  are  removed  from  the 
tree  to  form  a  central  vertical  ridge  with  two  flat  faces  on  either  side 
of  it.  The  gutters  are  inserted  in  inclined  gashes  made  by  a  broadax 
in  the  flat  surfaces.  It  is  necessary  that  these  sm^aces  be  flat,  in 
order  that  the  straight  edge  of  the  gutter  may  enter  the  face  along  its 
entire  length,  so  that  gum  can  not  flow  between  the  gutter  and  the 
tree.  The  lower  gutter  is  placed  so  as  to  project  at  least  two  inches 
beyond  the  other  at  the  center  of  the  ridge,  in  order  to  guide  the  gum 
mto  the  cup,  which  is  hung  just  below  the  lower  gutter  on  a  nail. 
The  cups  are  of  galvanized  iron  or  of  day,  and  vary  in  shape.  Those 
resembling  an  ordinary  flowerpot  are  the  most  conunon.  Their  ca- 
pacity is  1,  IJ,  or  2  quarts.  The  blazes  made  for  inserting  the  gutters 
extend  belov^  the  latter  and  produce  a  flow  of  resin  which  is  not  only 
wasted  but  serves  to  coat  the  base  of  the  tree,  and  thus  makes  the  face 
more  susceptible  to  fire.  The  workman  frequently  makes  the  blaze 
too  large,  as  is  shown  in  Plate  III,  figure  1,  and  there  is  a  tendency 
in  placing  the  gutters  to  spread  them  too  far  apart,  losing  in  many 
cases  as  much  as  20  inches  of  chipping  surface.  It  is  entirely  possible 
to  place  the  cups  and  gutters  on  a  normal  tree  so  that  the  first  streak 
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will  be  12  inches  from  the  ground  (Plate  III,  fig.  2).  In  Plate  IV, 
figure  1,  the  first  streak  is  17  inches  higher  than  necessary.  On  the 
basis  of  one-half  inch  streaks  this  means  that  a  height  sufficient  for 
34  chippings,  or  for  a  whole  season,  has  been  lost. 

Class  2.  (Plates  V  and  VI.)  The  gum  flowing  from  the  face  is 
guided  into  the  cup  by  means  of  a  flat  oblong  piece  of  galvanized 
iron,  with  the  ends  slightly  upturned,  called  an  ^* apron.''  The  edge 
of  the  apron  to  be  inserted  in  the  tree  is  concave  to  conform  to  the 
tree's  shape.  In  some  cases  the  aprons  are  made  in  two  pieces, 
riveted  together  at  the  ends,  so  as  to  allow  them  to  be  adjusted  to 
the  curvature  of  each  particular  tree.  They  are  also  made  in  two 
separate  pieces.  The  aprons  are  inserted  in  a  horizontal  gash  at  the 
base  of  the  tree  made  with  a  broadax  having  a  flat  blade  with  a 
concave  edge.  When  inserting  the  apron  a  small  blaze  about  6 
inches  wide  and  2  inches  high  is  generally  made  to  remove  objection- 
able bark.  The  broadax  is  held  horizontally  against  the  blaze, 
with  the  head  slightly  downward,  by  one  man,  while  another  drives 
it  into  the  tree  with  a  maul.  The  ax  is  then  withdrawn  and  the 
apron  inserted. 

A  recently  introduced  apron  is  lunar  in  shape,  the  concave  edge 
being  provided  with  stiff  teeth.  This  apron  can  be  driven  directly 
into  the  tree,  obviating  the  necessity  of  blazes  or  gashes. 

The  cups  are  made  of  galvanized  iron  or  day  and  hold  about  a 
quart.  Their  general  shape  is  that  of  an  oblong  box  12  inches  by  3 
inches  at  the  top,  and  about  3  inches  deep.  They  are  sUghtly  larger 
at  the  top  than  at  the  bottom,  and  are  sometimes  shaped  to  con- 
form to  some  extent  to  the  curvature  of  the  tree.  The  cups  are 
sometimes  hung  from  the  apron  by  means  of  small  hooks  which 
engage  an  extension  on  either  end  of  the  apron,  or  they  may*  be 
supported  on  a  nail  driven  into  the  tree  beneath  the  apron.  The 
likeUhood  of  the  fasteners  becoming  clogged  by  gum  is  obviated  by 
the  use  of  nails  as  supports.  In  hanging  this  class  of  cups  large 
blazes  are  not  necessary,  and  if  properly  hung  practically  all  the 
gum  flowing  from  the  tree  reaches  the  cups.  As  the  aprons  occupy 
but  little  vertical  space  and  the  cups  are  comparatively  shallow^  a 
distance  of  12  inches  from  the  ground  to  the  first  streak  is  ample  on 
normal  trees  (Plate  V,  fig.  1).  In  the  case  of  small  trees  10  inches 
or  less  in  diameter,  the  use  of  the  2-piece  or  riveted  apron  allows  a 
shallower  cut  to  be  made  in  hanging  the  cup,  as  the  1-piece  aprons 
have  such  a  large  curvature  that  they  require  a  deep  cut  in  small 
trees  (Plate  VI,  fig.  1)  to  prevent  escape  of  gum  at  the  sides.  On 
large  timber,  of  course,  this  difficulty  does  not  occur. 

Class  3.  (Plate  VII,  fig.  1.)  The  cup  is  so  constructed  as  to  obviate 
the  necessity  of  using  a  gutter  or  apron.    In  order  to  hang  it,  several 
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Plate  III. 
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Plate  IV. 
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streaks  are  made  at  the  base  of  the  tree,  the  last  one  being  a  ''shade*' 
streak  or  one  which  is  undercut.  The  prolonged  back  of  the  cup  is 
notched  and  bent  to  conform  to  the  chipped  surface.  The  cup  is 
loosely  himg  on  a  nail,  so  as  to  be  readily  detachable  for  dipping. 
The  first  chipping  is  so  made  as  to  leave  a  band  of  bark  and  wood  IJ 
to  2  inches  wide  over  which  the  resin  flows  and  drips  into  the  cup. 
The  last  chipping  of  the  season  should  be  a  shade  streak,  so  that  at 
the  b^inning  of  the  succeeding  season  the  cup  may  be  raised  and 
fitted  under  it  and  a  strip  of  bark  and  wood  left  as  before. 

Great  care  must  be  used  in  hanging  these  cups  or  the  loss  of  resin 
wiQ  be  excessive.  It  is  difficult  to  make  a  shade  streak  close  to  the 
ground,  and  if  a  square  streak  is  made  the  resin  will  flow  between 
the  tree  and  the  cup.  The  cup  in  Plate  \nil,  figure  1,  was  originally 
hung  so  poorly  that  rehanging  was  necessary  in  the  middle  of  the 
first  season.  The  equipment  for  hanging  cups  of  this  class  is  sim- 
pler than  in  the  case  of  those  requiring  gutters  and  aprons,  and  the 
necessity  of  gashing  the  tree  with  a  broadax  is  obviated. 

Class  4.  (Plate  VII,  fig.  2.)  Two  gutters  of  galvanized  iron  are 
inserted  in  a  streak  just  above  the  cup  which  is  hung  on  a  nail.  The 
gutters  are  semicircular  in  section  and  the  ends  are  so  riveted  together 
that  the  gutter  may  be  adjusted  to  any  angle.  To  hang  the  gutter, 
a  shade  streak  is  made  and  the  gutter  fitted  into  it  and  held  in  posi- 
tion by  means  of  two  nails  driven  through  holes  made  for  the  purpose. 

This  gutter  can  be  himg  by  one  man  and  no  special  tools  are  re- 
quired. No  wounding  is  necessary,  except  a  single  streak;  and, 
owing  to  the  rivet,  the  gutter  will  serve  readily  for  small  and  large 
timber.  Unless  care  is  used  in  placing  these  gutters,  however,  the 
gam  will  flow  between  them  and  the  tree. 

Class  5.  The  gum  flows  from  two  holes  bored  diagonally  upward 
into  the  tree  from  a  common  point.  The  top  of  the  receiving  vessel 
consists  of  two  caps  at  right  angles,  connected  by  a  triangular  tube. 
One  cap  is  placed  over  the  holes  bored  into  the  tree,  while  a  glass 
cup  screws  into  the  horizontal  cap.  When  full,  the  cups  are  un- 
so-ewed  and  emptied.  When  the  flow  ceases,  the  old  holes  are 
reamed  out  or  new  ones  bored.  Experiment  has  shown  that  the 
holes  in  the  tree,  as  well  as  the  tube  in  the  receiving  vessel,  soon 
become  plumed  with  gum,  rendering  the  maintenance  of  a  continu- 
ous flow  an  expensive  operation.  This  method  of  tapping  is  worthy 
of  mention,  however,  since  by  its  means  two  highly  desirable  results 
in  naval  stores  operations  are  obtained,  namely,  a  pure  gum  and 
minimum  damage  to  the  timber. 

Material  and  shape  of  caps, — ^The  great  majority  of  cups  on  the 
market  are  made  of  day  or  galvanized  iron.  The  clay  ones  are  the 
cheaper,  and  it  is  claimed  for  them  that  they  yield  a  higher  quality 
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of  gum,  since  clay  does  not  become  heated  like  metal  when  exposed 
to  the  sun  and  thus  cause  evaporation  of  the  turpentine.  Clay  cups 
are  three  or  four  times  as  heavy  as  metal  cups,  however,  and  much 
more  bulky.  They  are  also  more  likely  to  break,  both  in  transit  and 
in  handling.  On  the  other  hand,  they  do  not  rust  like  the  galvaa- 
ized-iron  cups.  Rusting  not  only  results  in  loss  of  cups,  but  may 
also  darken  the  gum. 

In  shape  the  cups  may  be  like  a  flowerpot  (Plate  I,  fig.  2),  an 
oblong  box  (Plate  V,  fig.  1),  or  a  flattened  cone  (Plate  VII,  fig.  2). 
With  the  deep  cups,  it  is  claimed,  there  is  less  evaporation  of  gum,  on 
account  of  the  smaller  surface  exposed.  On  the  other  hand,  deep 
cups  take  up  more  vertical  height  on  the  tree,  and  are  generally  con- 
sidered more  difficult  to  dip.  The  cone-shaped  cups  are  similar  in 
shape  to  the  interior  of  the  ordinary  "box,"  being  so  made  for  the 
sake  of  economy,  since  only  one  seam  is  necessary. 

Within  certain  limitations  the  kind  of  cup  used  with  a  particular 
gutter  or  apron  is  immaterial.  Between  the  cups  and  gutters  now 
.  on  the  market,  the  greatest  room  for  improvement  exists  in  the  case 
of  the  latter,  though  improved  aprons  and  gutters  are  constantly 
put  on  the  market. 

RELATIVE  YIELDS  SECURED  FROM  CUPS  AND  BOXES. 

Experiments  made  by  the  Forest  Service  in  (Jeorgia  during  1902 
showed  conclusively  that  more  and  better  turpentine  and  rosin  can 
be  obtained  by  the  use  of  cups  than  by  the  use  of  boxes. 

The  timber  studied  consisted  of  a  first,  second,  third,  and  fourth 
year  crop,  one-half  of  each  crop  being  turpentined  by  the  cup  sys- 
tem and  the  other  half  by  the  box  system.  The  comparative  results 
are  shown  in  Tables  9  and  10. 

Table  9. — Spirits  of  turpentine  from  eight  half  crops,  season  of  190tj  Georgia, 


Half  crops. 


From 
dip. 


From 
scrape. 


Total. 


Excess  from  cup- 
ped trees. 


First  year: 

Cups 

Boxes... 
Second  year: 

Cups 

Boxes... 
Tliirdyear: 

Cups 

Boxes... 
Fourth  year: 

Cups 

Boxes... 


OoZIofW. 
1,385.3 
1,134.7 

1,087.2 
*     941.8 

726.6 
381.9 

687.2 
349.6 


CkOUifU. 
205 
153.7 

188.2 
267 

113 
147.6 

101 
124.5 


GoUoru. 
1,590.3 
1,288.4 

1,275.4 
1,208.8 

839.5 
529.4 

288.2 

474 


Qalloru. 
301.9 


66.6 
310.1 
314.2 


rereenl. 
23.43 


5.51 

56. 5B 
00.29 
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Tablb  10. — Net  rosin  sales  from  eight  halfcropSj  season  of  1902,  Georgia. 


Half  crops. 

From 
dip. 

From 
scrape. 

Total. 

Excess  sales  from 
cupped  trees. 

Ifatywr 

Cups 

$«1.72 
^40 

266.84 
104.61 

171.27 
39.49 

167.33 
36.09 

$47.72 
36.63 

49.26 
66.96 

27.44 
26.67 

20.23 
27.91 

$449.44 
363.93 

816.50 
171.46 

198.71 
66.06 

106.56 
64.00 

Net. 
$86.61 

Percent. 
23.50 

Bous 

GeeoDdjMr: 

Cope 

144.13 

84.64 

Boxes 

ThWyear: 

Cin» 

132.65 

200.80 

Boxes...                            .  . 

rourthTCtf: 

Cm» 

132.66 

207.13 

bSmv:::.:. :.:.:.:.:.:.:...:.:.:.:.:. :.:.:::.:. 

The  first  year  crop  mentioned  in  Tables  9  and  10  was  worked  for 
two  years  longer.  The  combined  yields  obtained  for  the  ''cupped 
half"  Mid  ''boxed  half  during  the  3-year  period  of  operation  are 
given  in  Tables  11  and  12. 

Table  11. — Spirits  of  turpentine  from  half  crops,  seasons  1902-1904,  Georgia. 


Cups. 

Boxes. 

Excess 

from 

cupped 

half  crop. 

Net  price 

^& 

of  oper- 
ation. 

Value  of 
excess 

Ymt. 

Dip. 

Son^. 

TotaL 

Dip. 

Scrape. 

TotaL 

from 
cupped 
half  crop. 

Ftat 

Second.... 
TtiW 

CMUm». 

1,385.3 

1,103.6 

781.3 

OaOom. 
206.0 
166.0 
136.0 

OaUoM. 

1,500.3 

1,268.6 

917.8 

Gatton*. 

1,134.7 

705.2 

636.1 

CfaUont. 
168.7 
226.6 
190.6 

OaUofU. 

1,288.4 

931.8 

726.6 

Oattont. 
301.9 
336.7 
190.7 

Centt. 
40 
45 
45 

$120.76 
151.52 

86.82 

TVjtol.... 

8,270.1 

606.0 

3,776.1 

2,376.0 

670.8 

2,946.8 

829.8 

358.10 

Table  12. — Net  sales  ofroHnfrom  half  crops,  seasons  1902-1904,  Georgia. 


Cups. 

Boxes. 

Value  of 
excess 

Year. 

Dip. 

Scrape. 

Total. 

Dip. 

Scrape. 

Total. 

from 
cupped 
half  crop. 

Pkst 

$401.72 
286.88 
212.60 

$47.72 
68.24 
61.66 

$449.44 
346.12 
274.26 

$328.40 
132.42 
124.76 

$35.53 
84.06 
79.70 

$363.93 
216.50 
204.46 

$85.51 

SlCQIld 

128.62 

ThW 

60.79 

T«al 

901.20 

167.61 

1,068.81 

685.58 

199.31 

784.80 

283.92 

KKUTIYE   AMOUNTS   OF   SCRAPE   FORMED   BY   THE   BOX   AND   CUP 

SYSTEMS. 

The  resin  obtained  from  trees  turpentined  by  the  box  method  must 
flow  an  increasingly  greater  distance  each  year  the  tree  is  tapped.  As 
aresult  the  amount  of  scrape  formed  is  proportionately  increased.  The 
proportion  of  scrape  formed  by  the  two  systems  is  shown  in  Table  13. 
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Table  13. — Comparison  of  the  amount  of  scrape  formed  by  the  cup  and  box  systems^ 

season  1902^  Georgia. 


Half  crop. 


First  year: 

Boxes... 

Cups 

Second  year: 

Boxes... 

Cups 

Third  year: 

Boxes 

Cups 

Fourth  year: 

Boxes... 

Cups 


Net  weight ,  Net  weight 
of  scrape.        of  dip. 


Total      I 
weight  of    Percentage 
"gum"dlp'  of  scrape, 
and  scrape. 


Pound*. 
10,315 
13,155 

17,120 
12,210  I 

8,580  i 
7,200 

7,970 
6,635 


Pound*. 
42,787 
51,081 

35,700 
42,630 

15,435 
28,245 

14,385 
25,305 


Pound*. 
53,102 
64,237 

52,820 
54,840 

24,015 
35,445 

22,355 
31,940 


Percent. 
ig.4 

ao.5 

32.4 
22.3 

35.7 
20.8 

35.6 
20.8 


Scrape  is  troublesome  to  collect,  yields  a  low  grade  of  resin,  and 
gives  but  11  per  cent  of  turpentine  on  distillation,  while  gum  col- 
lected by  the  cup  system  yields  about  19  per  cent  of  turpentine. 

RELATIVE    YIELDS    FROM    DIFFERENT    DEPTHS    AND    HEIGHTS    OF 

CHIPPING. 

In  the  years  1905  to  1908  the  Forest  Service  carried  out  experi- 
ments to  determine  the  effect  of  the  depth  and  height  of  chipping  on 
the  yield  of  resin.  Four  crops  ^  were  used  in  the  experiment,  desig- 
nated A,  B,  C,  and  D,  respectively. 

Crop  A,  taken  as  the  standard,  was  chipped  in  the  ordinary  way, 
the  average  depth  of  chipping  being  seven-tenths  of  an  inch  and  the 
average  height  five-tenths  of  an  inch. 

Crop  B  was  used  to  test  the  effect  of  shallow  chipping,  the  average 
depth  being  four-tenths  of  an  inch. 

Crop  C  served  to  show  the  effect  of  narrow  chipping,  the  average 
height  being  four-tenths  of  an  inch.' 

Crop  D  was  turpentmed  with  reference  to  the  possibility  of  work- 
ing the  turpentine  a  second  time.  The  present  method  consists 
in  exhausting  the  tree  within  four  years.  This  crop  was  chipped 
in  the  same  manner  as  crop  A,  but  the  minimum  diameter  of  the 
trees  turpentined  was  limited  to  10  inches,  as  compared  to  a  mini- 
mum diameter  of  6  inches  in  crop  A;  in  addition  the  minimum  diame- 
ter of  the  tree  to  bear  two  faces  was  raised  from  13  inches  in  A  to 
16  inches  in  crop  D;  no  tree  in  crop  D  had  more  than  two  working 
faces. 

Table  14  shows  the  yields  from  the  four  crops  A,  B,  C,  and  D. 


1  Crops  of  8,000  foces  each  were  used. 

i  It  was  intended  to  have  the  height  of  chip  in  <'C"  half  that  in ' 
the  ohippecs  out  wider  than  was  desired. 


A/'  but  in  spite  of  dose  snpervlsian 
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Table  14.— Summary  of  total  yields  for  four  years  based  on  the  dip  and  scrape  being 
corrected  to  the  same  number  ofchippings  per  crop  (8,000  faces). 


Crop. 

Dip. 

Scrape. 

YWd. 

Increase. 

Yield. 

Increase. 

Decrease. 

A 

Pounds. 
206,235 
211,911 
214,603 
279,260 

Per  em. 

Pounds. 
47,742 

39,776 
53,915 

Percent. 

■  Per  cent. 

B 

2.75 

4.01 

85.41 

6.08 

C 

16  69 

D 

12.93 

Two  crops,  G  and  H,  were  worked  for  one  year,  combining  the 
principles  observed  under  crops  B  and  C,  namely,  shallow  and 
narrow  chipping.  Crop  X  was  chipped  in  the  ordinary  way.  Table 
15gives  the  yields. 

Table  15. — Summary  of  yields  for  one  year.    Crops  X,  O,  and  H, 


Crop. 

Number 

of 

oups. 

Number 
ofchip- 
pings. 

Yield 
of 
dib- 

Increase. 

X 

9,880 
9  880 
9,880 

35 
85 
35 

Pounds. 
90,094 
124,292 
121,474 

Pereeni, 

0 

88 

H 

35 

As  seen  from  Table  15  there  is  a  decided  increase  in  yield  by  the 
UBe  of  shallow  and  narrow  chipping. 

EFFECT  OF  TURPENTINE  OPERATIONS  ON  TIMBER. 

INJURY  FROM  FIRE. 

Since  the  box  is  rarely  more  than  12  inches  from  the  ground,  it 
is  within  easy  reach  of  ground  fires.  As  both  box  and  face  are 
saturated  with  resin,  a  fire  once  started  in  the  box  may  burn  the 
tree  oflf  at  the  base  or  render  the  face  and  box  unfit  to  produce  gum. 
In  cupped  timber  the  cups  are  moved  up  at  the  end  of  the  season 
and  are  less  exposed  to  fires. 

Another  source  of  fire  arises  from  the  resin  which  impregnates 
the  ground  at  the  base  of  the  tree.  Such  resin  may  come  from 
losses  in  dipping,  overflow  from  boxes  on  very  productive  trees,  or 
from  leaning  trees.  This  waste  resin  may  defeat  the  entire  purpose 
of  raking.  Spilling  is  less  likely  to  occur  with  cups  than  with  boxes, 
smce  the  former  can  be  detached  and  held  directly  over  the  bucket 
in  dipping.  By  having  extra  cups  for  very  productive  trees  the 
chipper  who  visits  them  weekly  can  quickly  change  the  full  cups 
for  empty  ones  and  thus  prevent  overflow. 
88767^— BuU.  229—15 4 
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The  immediate  danger  of  destruction  of  the  timber  is  not  so  great 
while  the  trees  are  being  turpentined  as  when  the  crop  has  been 
abandoned,  since  during  the  period  of  active  operation  the  trash  is 
raked  from  about  the  trees.  Few  tracts  of  timber  escape  the  annual 
burning  over,  and  turpentined  trees  are  often  either  killed  directly  or 
permanently  injured.  While  the  damage  to  abandoned  cupped 
timber  is  heavy,  it  is  not  so  serious  as  in  boxed  timber,  since  the  cups 
are  removed  when  the  trees  are  abandoned  and  the  faces  are  the 
only  source  of  fire  risk. 

INJURY  TO  GROWTH. 

The  box  enters  the  tree  so  deeply  as  to  injure  its  vitality  and 
retard  the  process  of  growth.  Boxes  are  generally  cut  in  the  most 
prominent  root  swellings,  especially  in  leaning  trees,  as  when  so 
placed  they  will  more  readily  catch  the  gum  and  are  also  easier  to 
cut.  The  box  undoubtedly  curtails  the  food  supply  of  the  tree  to  a 
considerable  extent  and  accounts  for  the  fact  that  more  "boxed" 
than  "cupped''  trees  die  after  tapping. 

The  box  weakens  the  tree  so  that  it  is  liable  to  be  blown  down  by 
the  first  storm.  This  is  especially  true  of  small  timber  which  may 
have  from  one-half  to  two-thirds  of  its  diameter  severed  by  the  box, 
and  of  timber  in  old  orchards  that  has  been  "back-boxed,"  i.  e., 
boxes  cut  between  the  old  ones  wherever  there  is  available  space. 

The  following  tabulation  compares  the  number  of  dead  and  blown- 
down  trees  in  half  crops  worked  with  cups  and  boxes  for  one  season: 


Trees  blown  down. 


Boxed. 


Copped. 


Trees  dead. 


Boxed. 


Capped. 


After  16  ohipplngs. . 
After  32  (Shippings . 


1 
16 


Since  the  box  fills  with  water  after  the  trees  are  abandoned,  the 
surrounding  wood  is  kept  moist,  increasing  the  likelihood  of  attack 
by  fungi  and  subsequent  decay.  In  some  cases  the  box  is  filled  with 
earth  after  abandonment  to  prevent  it  from  catching  fire.  While  it 
may  serve  the  latter  purpose,  the  procedure  is  scarcely  to  be  recom- 
mended, since  the  earth  retards  evaporation  of  the  water  and  hastens 
decay. 

Trees  that  have  been  "boxed"  are  sometimes  attacked  by  bark- 
boring  and  wood-boring  insects,  the  former  killing  the  trees  and  the 
latter  seriously  damaging  the  wood.* 

QUAUTT  OF  LUMBER  IN  ** TURPENTINED "  AND  •'ROUND"  UMBER. 

The  wood  back  of  the  "faces"  in  timber  that  has  been  turpentined 
for  several  years  is  generally  impregnated  with  resin  for  a  depth  of 
from  one-half  to  one  and  one-half  inches.     As  very  resinous  material 

»  Bee  U.  8.  Department  of  Agriculture  Fanners'  Bulletin  476,  and  Yearbook  1909,  pp.  410-412. 
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win  not  make  high-grade  lumber,  the  proportion  of  high^ade  material 
that  can  be  cut  from  "turpentined"  timber  is  somewhat  less  than  in 
the  case  of  similar  "round"  timber.  However,  in  many  cases  the 
process  of  squaring  up  the  log  by  sawing  off  slabs  will  remove  the 
resinous  parts,  and  the  grade  of  the  boards  jBnally  cut  will  not  be 
affected.  Tests  have  shown  that  the  strength  of  the  wood  is  not 
altered  by  turpentining. 

QUALITY  OF  GUM  FROM  BOXED  AND  CUPPED  TIMBER. 

As  the  height  of  the  face  increases,  the  distance  the  resin  must  flow 
to  reach  the  box  increases  correspondingly.  During  its  journey  the 
gum  is  constantly  losing  turpentine  by  evaporation.  Thus,  the 
percentage  of  turpentine  in  the  dip  decreases  each  year  boxed  timber 
is  tapped,  while  the  amount  of  scrape  increases.  Cups  are  designed 
to  be  raised  each  season,  and  thus  the  gum  has  to  flow  a  comparatively 
fhort  distance. 

The  resin  acids  in  the  crude  gum  readily  absorb  oxygen,  which 
darkens  the  rosin.  The  higher  the  face  the  longer  the  gum  is  sub- 
jected to  atmospheric  oxygen,  so  that,  with  boxed  timber,  light 
rosins  can  be  obtained  only  during  the  first  two  years.  Another 
sactor  which  produces  dark-colored  rosin  is  the  gum  that  remains 
attached  to  the  face  after  the  period  of  collection  has  passed.  This 
gum  becomes  yellow  to  dark  brown,  and  as  the  following  year's  gum 
flows  over  it  to  the  box,  a  certain  amount  of  this  highly  colored 
product  is  always  dissolved,  so  that  when  ordinary  methods  are  used 
only  the  lower  grades  of  rosin  are  produced  from  gum  coming  from 
five-year  boxes.  In  raised  cups  the  gum  flows  only  over,  the  face 
made  during  a  single  season.  In  practice,  however,  the  cups  are 
seldom  raised  after  the  third  year,  since  this  greatly  increases  the 
cost  of  collecting  the  gum. 

COMMERCIAL  DISTILLATION  OF  CRUDE  GUM. 

The  apparatus  commonly  used  in  the  United  States  for  distilling 
gum  consists  of  the  simplest  type  of  still,  with  a  ''worm"  for  condens- 
ing the  vapors  (H.  VIII  and  fig.  5).  A  shed,  generally  open  on  all 
sides,  covers  the  still  proper,  and  another  and  smaller  building, 
placed  a  short  distance  away  as  a  precaution  against  fire,  is  used  for 
storing  the  turpentine.  It  also  contains  the  kettle  for  heating  glue 
to  coat  the  inside  of  the  turpentine  barrels.  In  many  cases  the 
still  and  warehouse  are  under  one  roof.  A  charging  platform  is 
built  flush  with  the  collar  of  the  still,  the  barrels  of  gum  being  rolled 
upon  it  by  means  of  skids. 

The  capacity  of  stills  varies  from  10  to  40  barrels.  Fifteen  and 
twenty  barrel  stills  are  the  most  conmion.  The  term  "20-barrel 
still"  refers  to  the  total  capacity  of  the  still  and  not  to  the  number 
of  barrels  of  gum  in  a  charge.     The  size  of  the  latter  is  determined  by 


Digiti 


zed  by  Google 


28 


BULLETIN   229,  U.   S.   DEPARTMENT  OF  AGRICULTURE. 


the  nature  of  the  gum;  the  older  the  gum  the  smaller  the  charge. 
Even  with  ''vu^n  dip''  the  still  is  only  filled  to  three-fourths  of  its 
capacity,  while  with  dip  and  scrape  from  four  or  five  year  "boxes/' 
which  foams  considerably,  only  about  one-third  the  capacity  of  the 
still  is  used.  If  the  material  rises  into  the  still  head  there  is  danger 
of  it  forcing  an  exit  between  collar  and  still  head  and  setting  fire  to 
the  platform. 

The  still  body  is  about  two-thirds  as  high  as  wide,  with  a  rounded 
top  and  a  slightly  concave  bottom,  the  latter  permitting  the  rosin  to 


Fio.  5. — Arrangement  of  apparatus  in  turpentine  stilL 

drain  thoroughly.  The  still  head  is  generally  spherical  *  and  is  con- 
nected with  the  worm  by  two  sections  of  pipe  called  the  "arm'*  and 
''gooseneck."  The  worm  makes  about  6i  turns  in  a  wooden  tank 
holding  the  condensing  water,  leaving  the  tank  by  means  of  a  short 
pipe  called  the  tailpiece.  The  entire  apparatus  is  made  of  sheet 
copper.  For  a  20-barrel  still,  the  side,  top  ("breast''),  and  collar  of 
the  still  proper  are  made  of  14-gauge  copper,  the  rosin  spout  of  11- 
gauge,  and  the  bottom  of  4-gauge  copper.  The  worm  and  connect- 
ing pipes  are  made  of  18-gauge  copper. 

1  Sevemt  ibrms  of  still  head  are  in  use. 
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Turpentine  Still  Showing  Condenser. 
Glue  vat  for  coating  inside  of  turpentine  barrels  on  extreme  right. 
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DISTILLATION  PROCEDURE. 

The  still  is  charged  by  removing  the  still  head  and  gooseneck  and 
diunping  in  the  gum  from  the  barrels.  After  most  of  the  dip  has 
run  from  the  barrels  they  are  thoroughly  drained  over  a  special 
trough.  It  is  hard  to  remove  the  dip  from  the  barrels  during  cold 
weather,  and  distillation  is  not  carried  on  extensively  in  winte^. 
When  scrape  is  distilled  alone,  and  the  still  is  hot  from  the  previous 
run,  it  is  customary  to  pour  in  5  or  6  buckets  of  water  or  a  couple 
of  barreb  of  dip  to  cool  off  the  stiU  and  prevent  the  first  scrape  put  in 
from  "burning.*' 

After  the  stiU  has  been  charged  the  cap  is  put  on  and  connected 
with  the  worm  by  means  of  the  gooseneck.  The  joints  are  then 
luted  with  clay.  The  fire  is  started  xmder  the  stiU,  and  its  intensity 
regulated  solely  by  the  peculiar  noise  made  by  the  gum  dining  dis- 
tillation. Crude  gum  always  contains  a  certain  amount  of  water 
(from  5  to  10  per  cent),  and  since  the  gum  melts  rapidly,  a  mixture 
of  oil  and  water  soon  appears  at  the  end  of  the  worm.  A  distilla- 
tion requires  from  2  to  2i  hours;  aU  the  water  originally  present 
distills  over  dining  the  first  one-half  to  three-fourths  of  an  hoiur. 
The  "stiller"  follows  the  course  of  the  distillation  by  placing  his  ear 
near  the  lower  end  of  the  worm,  where  the  characteristic  sounds  made 
by  the  boiling  gum  are  most  audible,  and  by  examining  portions 
of  the  distillate  collected  in  an  ordinary  drinking  glass  and  noting 
the  proportions  of  water  and  turpentine.  The  point  at  which  addi- 
tional quantities  of  water  should  be  added  is  indicated  by  a  pecul- 
iar strident  sound,  characterized  as  the  "call  for  water.'' 

The  water  added  is  obtained  from  the  top  of  the  cooling  tank.  It 
flows  from  a  cock,  by  which  the  size  of  the  stream  is  regulated,  by 
way  of  a  trough  into  the  still  through  a  funnel  placed  in  an  opening 
in  the  cap.  The  water  at  the  top  of  the  tank  is  always  warm,  and 
often  very  hot.  Some  distillers  obtain  this  water  from  the  bottom 
of  the  tank,  claiming  that  the  distillation  is  easier  to  regulate  with 
cold  water.  About  2i  barrels  of  water  are  run  in  for  each  distilla- 
tion, the  amount  varying  with  the  size  of  the  charge. 

The  critical  period  during  distillation  is  passed  when  all  the  water 
in  the  gum  has  been  driven  over,  since  as  the  water  is  vaporized  it 
swells  the  viscous  gum  to  such  an  extent  that  it  may  overflow  into 
the  worm  or  escape  through  the  joints,  provided  suflBcient  space  has 
not  been  left  in  the  still  for  this  expansion.  "Dip"  and  "scrape" 
from  high  faces  are  especially  likely  to  boil  over.  The  tendency  to 
foam  over  is  indicated  by  the  sound  of  tumultuous  boiling  at  the  end 
of  the  worm.  When  this  occurs  the  fire  is  urged  as  rapidly  as  pos- 
sible, the  resinous  chips  obtained  by  skimming  the  gum  usually 
being  added,  and  the  increased  temperatiure  maintained  imtil  the 
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gum  returns  to  a  normal  state  of  distillation.  The  heat  is  increased 
because  at  the  temperature  at  which  the  water  is  vaporized,  the  gum 
is  still  in  a  viscous  condition,  and  is  so  tenacious  as  to  form  a  mass  of 
bubbles  whose  shells  are  not  ruptured  by  the  inclosed  steam;  hence 
the  gum  swells  enormously.  In  order  to  remove  this  water,  it  is 
necessary  to  heat  the  gum  to  so  fluid  a  state  that  the  bubbles  will 
burst  readily  and  allow  the  steam  to  escape.  After  this  inclosed 
water  has  been  driven  off  the  distillation  usually  runs  along  smoothly, 
since  the  water  that  is  added  merely  comes  in  contact  with  the  sur- 
face of  the  gum.  If  excessive  foaming  takes  place  after  the  stream 
of  water  has  been  started,  the  fire  is  urged  as  usual,  but  the  flow 
of  water  is  not  diminished.  If  the  gum  should  boil  over  the  distil- 
lation is  spoUed,  and  must  be  repeated. 

The  end  of  the  distillation  is  reached  when  a  portion  of  the  distillate 
collect<3d  in  tha  test  glass  shows  only  a  very  small  proportion  of 
turpentine.  All  the  turpentine  is  seldom  removed,  if  the  distiller 
wishes  to  obtain  a  high-grade  rosin.  The  stream  of  wat«r  is  now  cut 
off,  and  the  fire  extinguished  with  water  to  prevent  the  rosin  from 
igniting  when  it  is  run  out,  and  to  prevent  scorching  the  small 
amount  of  rosin  that  always  adheres  to  the  bottom  of  the  still. 

Skimming. — The  gum  always  contains  more  or  less  trash,  such  as 
sand,  chips,  needles,  pieces  of  bark,  etc.  This  all  goes  into  the  still 
along  with  the  gum,  and  is  removed  at  various  stages  durhig  the  dis- 
tillation. The  chips  are  removed  with  a  skimmer,  16  inches  long  by 
14  inches  wide,  made  of  wire  netting  and  attached  to  a  long  handle. 

Except  in  the  case  of  dip  collected  at  the  end  of  the  season,  skim- 
ming is  done  as  soon  as  the  charge  is  fluid.  In  other  cases  skimming 
is  done  either  at  the  point  when  the  water  originally  present  in  the 
gum  has  passed  over,  or  at  the  end  of  the  distiUation  when  the  rosin 
is  ready  to  be  run  ofl".  When  the  gum  contains  a  considerable  amount 
of  trash,  especially  bark  and  needles,  a  lighter  resin  will  be  obtained 
by  skimming  before  distillation.  However,  in  the  case  of  ''old 
stuff,'*  there  is  considerable  difficulty  in  getting  the  charge  fluid 
enough  for  skimming  without  excessive  loss  of  turpentine  and  the 
danger  of  foaming. 

TREATMENT  OP  THE  ROSIN. 

After  the  distillation  is  ended,  the  rosin,  at  a  temperature  of  302** 
to  392°  F.,  is  run  out  by  means  of  a  pipe  extending  flush  from  the 
bottom  of  the  still  and  closed  by  a  gate  valve.  Usually  the  rosin 
flows  through  a  set  of  four  screens  into  a  vat  sunk  into  the  ground. 
One,  two,  or  three  screens  may  be  used,  however,  instead  of  four. 
The  vat  is  about  4  by  15  feet  at  the  bottom,  4§  by  15  feet  at  the  top, 
and  2 J  feet  deep.  The  screens  are  sufficiently  large  to  cover  it,  with 
the  exception  of  the  top  one,  which  is  only  half  the  length  of  the  still, 
and  is  intended  to  catch  only  the  coarsest  chips.    The  top  screen  is 
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from  6  to  8  mesh,  the  second  14  mesh,  the  third  32  mesh,  and  the 
bottom  60  mesh.  The  bottom  screen  is  covered  with  a  layer  of 
cotton  battii^  to  remove  the  finer  particles  of  dirt. 

The  rosin  remains  in  the  vat  from  a  few  minutes  to  an  hour,  accord- 
ing to  the  temperature  at  which  it  left  the  still.  It  is  next  dipped 
into  crude  barrels  made  on  the  spot,  holding  about  450  pounds  net. 
If  dipped  while  too  hot  and  fluid,  considerable  leakage  occurs  between 
the  staves,  which  may  in  a  measure  be  prevented  by  luting  with  clay. 
The  rosin  requires  about  24  hours  to  become  soUd. 

The  cotton  batting,  after  being  used  to  strain  the  rosin,  is  known  as 
"batting  dross"  or  "rosin  dross."  As  cotton  is  very  absorptive,  a 
large  amount  of  rosin  is  retained.  Recent  analyses  made  by  the 
Forest  Service  indicated  that  rosin  dross  contains  from  75  to  90  per 
cent  by  weight  of  rosin. 

It  has  been  the  practice  to  biim  under  the  still  a  certain  portion  of 
the  chips  removed  by  skimming  and  in  the  screens,  and  to  throw 
away  the  rest.  In  tins  way,  piles  of  discarded  chips  often  grew  to 
lai^  size  before  the  stills  were  moved.  Such  piles,  of  course,  contain 
considerable  rosin,  and  during  1911  and  1912,  owing  to  the  high  price 
of  naval  stores,  operators  found  it  profitable  to  sell  not  only  the  dross, 
but  the  skimmings  and  similar  material  to  extraction  plants. 

TREATMENT  OF  THE  TUKPENTINE. 

The  distillate  issuing  from  the  worm,  and  consisting  of  a  mixtiu-e  of 
water  and  turpentine,  nms  into,  an  ordinary  50-gallon  barrel,  where 
the  separation  of  the  water  and  turpentine  takes  place  by  gravity; 
the  turpentine,  being  lighter,  floats  on  the  top.  The  bottom  of  this 
barrel  contains  an  opening,  closed  with  a  long  wooden  plug,  by  which 
the  excess  water  is  allowed  to  escape  as  the  volume  of  the  distillate 
increases.  In  most  cases  a  second  container,  consisting  of  a  barrel 
whose  upper  half  has  been  sawed  off,  receives  the  turpentine  flowing 
from  the  top  of  the  first  barrel  through  a  short  pipe,  to  permit  of  more 
perfect  separation.  A  thin  yellow  scum  forms  the  line  of  demarca- 
tion between  the  water  and  turpentine.  The  latter  is  dipped  out 
carefully  and  poured  directly  into  the  barrels  in  which  it  is  sent  to 
market. 

The  first  runnings  of  turpentine  are  colored  more  or  less  green  with 
copper  salts,  due  to  the  action  of  acetic  and  resin  acids  on  the  copper 
of  tlie  worm  and  still.  The  green  color  is  especially  noticeable  when 
the  still  is  first  used  after  a  period  of  idleness.  When  the  still  is  in 
continuous  use  the  color  in  the  first  runnings  is  very  sUght. 

The  turpentine  barrels  must  be  thoroughly  tight.  They  are  usually 
made  of  soimd  white  oak,  thoroughly  driven,  and  coated  on  the  inside 
with  glue.  Each  barrel  holds  about  50  gallons,  some  space  being 
left  for  expansion  of  the  contents. 
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FRENCH  METHODS  OF  COLLECTING  GUM. 

MANAGEMENT  OF  FORESTS. 

A  large  proportion  of  the  French  forests  exploited  for  resin  are 
situated  along  the  coast,  where  the  shifting  sand  dunes  have  been 
planted  with  maritime  pine  (JPinus  maritima) . 

The  forest  rotation  varies  from  60  to  75  years,  and  since  maritime 
pine  is  a  prolific  seeder,  a  new  growth  readily  springs  up  on  cut-over 
areas.  At  the  end  of  10  years  the  stand  is  thinned,  and  thereafter  at 
6-year  intervals.  During  the  first  thinning  the  lower  branches  of 
the  trees  that  are  left  are  lopped  ofiF  to  a  height  sufficient  to  insure  a 
clean  bole  for  turpentining  during  subsequent  years.  The  wood  and 
resin  rights  are  sold  for  a  period  of  five  years,  the  turpentining  being 
done  by  the  purchaser,  who,  at  the  end  of  the  operation,  fells  those 
trees  marked  for  thinning. 

The  wood  is  used  for  mine  timbers,  boxes,  crossties,  telegraph  poles, 
etc.  Turpentined  timber  is  preferred  over  unturpentined,  since  it  is 
very  resinous  and  so  resists  decay  for  a  longer  time.  The  last  thin- 
ning is  made  when  the  trees  are  about  30  years  old,  and  the  remain- 
ing pines,  numbering  about  50  per  acre,  are  then  turpentined.  At  the 
end  of  the  rotation  period,  owing  to  various  casualties,  there  remain 
only  about  30  trees  per  acre  for  lumbering. 

Up  to  the  year  1860,  practically  all  resin  was  collected  in  holes 
scooped  out  of  the  sand  at  the  base  of  the  trees.  This  method  was 
wasteful,  and  the  gum  was  badly  contaminated  with  sand  and  other 
debris.  The  use  of  an  earthen  pot  with  a  gutter  was  suggested  in 
1840  by  M.  Hugues,  of  Tamos,  but  was  not  taken  up  imtil  1860. 
At  present  the  Hugues  cup  and  gutter  system  has  almost  entirely 
superseded  the  old  method. 

BARKING. 

Before  the  turpentining  season  opens  the  outer  bark  is  removed  over 
an  area  exceeding  somewhat  the  area  to  be  chipped  during  the  coming 
season.  The  denuded  area  measures  24  inches  in  height  and  6  to  8 
inches  in  width,  and  in  depth  reaches  to  the  Uving  layer  of  the  bark. 
The  operation  is  performed  carefully  with  a  wide-bladed  ax.  Above 
the  height  of  a  man  the  ax  is  replaced  by  a  tool  with  a  hook-shaped 
blade,  3  inches  wide,  attached  to  \  long  handle,  which  is  wielded  with 
a  pulling  motion.  The  bark  is  removed  to  prevent  dulling  the  deli- 
cate edge  of  the  chipping  tools,  and  the  rays  of  the  sun  on  the  exposed 
area  are  supposed  to  have  a  beneficial  effect  in  stimulating  the  flow  of 
resin. 

HANGING  CUPS    (HUGUES  SYSTEM). 

The  face  is  opened  the  first  of  March  by  removing  a  chip  1.6  inches 
high,  3.6  inches  wide,  andO.4  inch  deep  from  near  the  base  of  the  tree. 
The  tool  used  is  a  pecuharly  shaped  instrument  called  the  '  'abschot" 
(Plate  IX-3).    A  zinc  gutter  is  inserted  at  the  base  of  the  wound  in  a 
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French  Turpentine  Tools. 
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Chipping  a  Low  Face,  Showing  the  Shape  of  the  Axe  and  Relative  Size  of 

THE  Face. 
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Chipping  a  High  Face,  Showing  the  Practice  of  Inserting  Chips  on  Sides  of 
Face  on  Leaning  Trees  to  Guide  Gum  Into  Cup. 
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gash  made  by  a  chisel  (Plate  IX-5)  with  a  cutting  edge  in  the  shape 
of  the  arc  of  a  circle.  Below  the  cutting  edge  is  a  socket  into  which 
the  gutter  fits.  The  gutters  are  8  inches  long  and  2  inches  wide,  and 
in  some  cases  are  provided  with  five  teeth.  A  gash  0.2  inch  deep  has 
been  found  sufficient  to  hold  the  gutters,  since  the  resin  soon  enters 
the  wound  and  acts  as  a  cement. 

The  pots  used  are  made  of  glazed  earthenware,  conical  in  shape,  4^ 
inches  wide  at  the  top,  3  inches  at  the  bottom,  6  mches  high,  with  a 
capacity  of  about  1  quart  (1  liter) .  The  cup  rests  on  the  ground  the 
first  year,  and  is  raised  along  with  the  gutter  at  the  beginning  of  each 
succeeding  year  of  operation.  The  upper  part  of  the  pot  is  held  in 
place  by  the  gutter,  which  projects  out  and  downward,  while  the 
base  rests  on  a  nail  driven  into  the  tree.  The  top  of  the  cup  is  never 
provided  with  a  hole  for  hanging  on  a  nail. 

CHIPPING. 

Chipping  is  begun  about  the  first  of  March  and  ends  the  latter  part 
of  October.     A  total  of  40  chippings  is  usually  made  in  one  season. 

The  chipping  tool  (abschot)  is  of  two  types :  One  type  is  a  com- 
bined adz  and  gouge,  the  blade  hanging  at  right  angles  to  the  handle, 
its  edge  shaped  like  the  arc  of  a  circle.  In  the  other  type  the  blade  is 
parallel  to  the  handle,  but  bent  outward  so  that  the  cutting  edge  does 
not  fall  within  the  plane  of  the  handle. 

In  using  the  abschot  the  workman  stands  to  one  side  and  in  front  of 
the  face,  with  the  handle  between  his  legs  (Plate  X) .  In  removing  the 
chip  the  blade  is  inserted  at  the  extreme  upper  comer  of  the  face  and 
is  drawn  diagonally  toward  the  workman.  Little  effort  but  great 
skill  is  required. 

The  wood  removed  in  chipping  is  in  the  form  of  shavings,  so  that  the 
edges  of  the  face  are  perfectly  smooth,  allowing  the  wound  to  heal 
rapidly.  The  face  increases  in  height  about  0.6  inch  at  each  chipping. 
After  the  face  is  opened,  chipping  is  repeated  every  8  days  from 
March  to  May,  every  5  days  from  June  to  the  end  of  August,  and 
every  8  days  from  September  to  the  middle  of  October  or  the  first  of 
November. 

After  the  face  has  reached  the  height  of  a  man  the  abschot  is  dis- 
carded for  the  rasclet.  The  rasclet  (Plate  IX-4)  has  a  hook-shaped 
blade,  with  its  edge  at  right  angles  to  the  long  handle,  and  the  chip  is 
removed  by  a  pulling  motion.  In  the  case  of  leaning  pines,  wooden 
chips  are  inserted  along  the  edge  of  the  face  to  guide  the  resin  toward 
the  pot  (Plate  XI). 

The  dimensions  of  the  faces  must  conform  to  the  tapping  specifica- 
tion, and  frequent  inspection  is  made  by  government  officials  to  see 
fliat  these  are  carried  out.  Since  the  wages  of  the  workman  consist 
of  half  the  proceeds  from  the  sale  of  the  resin,  he  naturally  wishes  to 
collect  as  much  resin  as  possible,  and  is  tempted  to  increase  the  size 
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of  the  face  beyond  the  prescribed  limits.  An  instrument  devised  by 
Demorlaine  in  1898,  called  the  '^facemeter"  (quarrimetre),  permits 
of  a  ready  and  accurate  measurement  of  the  face. 

SYSTEMS  OF  TURPENTINING. 

Two  systems  of  turpentining  are  employed,  "gemmage  a  vie''  and 
"gemmage  a  mort."  "Gemmage  a  vie"  is  the  system  used  when  the 
tree  is  to  be  moderately  turpentined  for  a  long  period  of  years; 
''gemmage  a  mort"  when  the  trees  marked  for  thinning  or  final  felling 
are  to  be  made  to  yield  the  greatest  possible  amount  of  resin  in  five 
years  without  actually  being  killed. 

The  following  articles  are  taken  from  the  turpentining  specifications 
issued  by  the  French  Government  in  1909: 

Gemmage  a  vie. — The  tapping  will  take  place  on  either  one  or  two  faces,  according 
to  the  indications  of  the  Service  des  Eaux  et  Forets.  Only  those  trees  can  be  tapped 
with  two  faces  which  have  been  designated  for  this  purpose. 

The  faces  will  be  started  above  the  swelling  of  the  root  and  raised  either  vertically 
or  in  accordance  with  the  grain  of  the  wood. 

If  the  tapping  period  is  for  five  years,  the  face  can  be  raised  0.60  m.  (24  inches) 
during  the  first  year  and  0.65  m.  (26  inches)  during  the  following  years  in  such  a 
manner  that  the  total  height  does  not  exceed  3.2  m.  (10  feet  6  inches). 

If  the  tapping  period  is  for  four  years  the  face  can  be  raised  0.60  m.  (24  inches) 
during  the  first  year;  0.65  m.  (26  inches)  during  the  second;  0.85  (33  inches)  during 
the  third,  and  1  m.  (3  feet  3  inches),  in  such  a  manner  that  the  total  height  does  not 
exceed  3.1  m.  (10  feet  2  inches). 

In  every  case  the  width  of  the  faces  should  not  exceed  0.09  m.  (3.5  inches)  the  first 
year,  0.08  m.  (3.1  inches)  the  second,  0.07  m.  (2.8  inches)  the  third,  and  0.06  m.  (2.4 
inches)  at  the  beginning  of  the  foiu*th. 

The  decrease  in  width  should  take  place  progressively  in  such  a  manner  that  the 
width  of  the  face  at  the  end  of  one  year  shall  be  that  at  the  beginning  of  the  year 
following. 

The  depth  should  not  exceed  0.01  m.  (0.4  inch),  the  measure  being  taken  under 
a  cord  stretched  from  one  border  of  the  face  to  the  other,  at  the  beginning  of  the  red 
part  of  the  bark. 

The  tapping  will  take  place  according  to  the  directions  of  the  Service  des  Eaux  et 
Forets;  either  by  fours  (au  quart),  the  faces  up  to  the  fourth  inclusive  being  made, 
as  far  as  possible,  two  by  two  at  the  extremities  of  the  same  diameter;  or  by  threes 
(au  tiers),  the  faces  up  to  the  third  inclusive  being  made  by  dividing  the  circxun- 
ference  of  the  tree  into  three  nearly  equal  parts;  the  second  ^ould  be  opened  at  the 
right  of  the  first  when  facing  the  latter. 

In  case  of  the  absence  of  directions  in  the  contract  the  tapping  will  be  done  by 
fours. 

Oemmage  a  mart, — If  the  trees  to  be  tapped  d  mart  form  part  of  the  sale  or  are  aban- 
doned to  the  lessors,  the  latter  can  work  them  as  they  think  best. 

In  the  contrary  case  the  lessors  should  not  tap  them  in  a  manner  to  diminiBh  the 
value  which  they  should  have  as  fuel  and  structural  timber.  The  dimensions  of 
the  face  should  be  such  that  its  whole  area  never  exceeds  the  limits  of  an  ordinary  face. 

The  tapping  operation  will  be  confined  between  March  1  and  October  31  of  each 
year,  but  the  contractor  can  commence  to  bark  the  pines  which  are  to  be  tapped  and 
place  the  gutters  February  1. 

He  can  also  collect  the  scrape  up  to  December  1  of  each  year  of  the  tapping  period, 
except  the  last  year,  when  this  operation  should  be  ended  the  15th  of  November. 
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Two  kinds  of  scrape  are  distinguished  in  France.  The  hardest 
kind  adhering  firmly  to  the  face  is  called  '^barras/'  while  the  soft 
scrape  is  called  "galipot.''  The  tool  used  (Plate  IX-1)  for  remov- 
ing the  scrape  resembles  that  used  in  removing  the  outer  bark, 
except  that  the  blade  is  only  H  inches  wide.  Usually  the  trees  are 
scraped  but  once  a  season,  in  November,  but  sometimes  an  additional 
scraping  is  made  in  June. 

The  method  of  collecting  the  crude  gum  is  practically  identical 
with  that  used  in  America.^  The  resin  is  temporarily  stored  in 
wooden  tanks  sunk  into  the  ground  at  conveiiient  points  in  the 
forest  imtil  it  is  ready  to  be  transported  to  the  stiU. 

FRENCH  DISTILLATION  METHODS. 

In  French  operations  the  barrels  of  resin  as  they  come  from  the 
forest  are  usually  stored  in  large  tanks,  so  as  to  form  a  reserve  supply 
to  be  worked  up  during  the  winter  months  when  no  resin  is  collected. 
The  storage  tanks  are  sunk  into  the  ground  at  a  distance  of  76  feet 
from  the  stiU,  and  the  resin  transferred  to  the  latter  by  means  of  an 
overhead  trolley.  The  tanks  are  built  of  brick  or  cement  and  cov- 
ered with  tile. 

PURIFICATION  OF  THE  RESIN. 

The  resin  is  often  subjected  to  preliminary  treatment  previous  to 
distillation  to  remove  the  trash.  This  is  not  done,  however,  mdess 
high  grade  rosin  can  be  produced  which  will  bring  a  good  price,  since 
the  process  results  in  loss  of  turpentine  and  requires  extra  fuel  and 
labor. 

The  preliminary  treatment  involves  fusion,  clarification,  decanta- 
tion,  and  straining.     The  fusion  is  performed  in  open  or  closed  pans. 

Open  pans, — ^The  resin  is  liquified  in  a  cylindrical  copper  pan  6  feet 
in  diameter  and  li  feet  in  depth,  with  a  slightly  concave  bottom. 

1  Comparison  of  yields  of  crude  gum  per  inch  of  width  of  face,  French  and  American  methods: 

Data  from  Frendi  operations  indicate  an  average  yield  of  1.8  liters  of  crude  gum  per  face  per  year,  or  4 


If  chipped  40  times  yield  per  face  per  chlpping^O.  1  pound . 
If  face  is  3.5  inches  wide  yield  per  inch  width^O.029  pound. 
If  faoe  is  4.0  inches  wide  yield  per  inch  width»0.025  pound. 
Dala  from  American  operations: 
Chip  A— 8,000  faces.    (See  page  25): 

200^235  pounds    gum  in  4  years—6.4  pounds  per  faoe  per  year. 
43,033  pounds  scrape  in  4  years^  1.4  pounds  per  face  per  year. 

Total 7.8 

If  chipped  32  times  yield  per  face  per  chipping^O.244  pound. 
If  faoe  is  12  inches  wide  yield  per  inch  width^O.020  pound. 
If  face  is  14  inches  wide  yield  per  inch  width— 0.017  pound. 
QtopD — 8^000  f^oes.    (See  page  25): 

a39»aao  pounds    gum  in  4  years— 8. 7  pounds  per  face  per  year. 
S»015  pounds  scr^M  in  4  years- 1.7  pounds  per  face  per  year. 

Total 10.4 

If  dipped  32  times  yield  per  face  per  chipping— 0.325  pound. 
If  faoe  b  12  Inches  wide  yield  per  inch  width— 0.027  pound. 
If  faoe  b  14  indies  wide  yield  per  inch  wldth-0.025  pound. 
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This  pan,  inclosed  by  brickwork  and  heated  by  the  flames  from  a 
fire-box,  has  a  capacity  of  about  325  gallons. 

After  the  pan  has  been  filled  with  crude  resin  the  heating  is  con- 
ducted very  slowly  to  prevent  '' burning/'  A  workman  stirs  the 
mass  constantly  with  a  wooden  paddle  to  render  the  heating  uniform. 
When  boihng  begins  the  heating  is  discontmued,  as  the  temperature 
should  never  be  allowed  to  exceed  90°  to  100°  C.  To  clarify  the 
mass  the  temperature  is  suddenly  reduced  by  drawing  the  fire. 
Sometimes  a  small  amount  of  w^ater  is  thrown  into  the  fire  box  and 
upon  the  bottom  of  the  pan.  If  this  delicate  operation  is  successful, 
the  mass  will  settle  into  several  layers  after  standing  for  four  or  five 
hours.  A  layer  of  chips,  bark,  etc.,  will  be  found  on  the  surface; 
then  a  layer  of  resin;  and  below  this  a  layer  of  colored  water  with  a 
deposit  of  sand,  etc.,  on  the  bottom.  The  floating  chips  and  bark 
are  removed  by  skimming.  The  resin  may  then  be  run  out  through 
pipes  arranged  at  different  levels,  but  usually  is  dipped  out.  The 
heaviest  material  is  filtered  through  a  screen  to  remove  the  sand, 
the  filtrate  separating  into  a  layer  of  colored  water  surmounted  by  a 
small  amount  of  inferior  resin.  By  this  procedure  a  resin  is  obtained 
which  on  distillation  will  yield  a  rosin  several  grades  higher  than  the 
original  resin  would  give  if  distilled  with  all  its  impurities. 

Purification  in  an  open  pan  results  in  the  loss  of  from  2  to  3  per 
cent  of  turpentine,  and  there  is  considerable  danger  of  fire.  Several 
pans  provided  with  covers  have  been  designed  to  overcome  the  objec- 
tions cited. 

Closed  pa7}s. — The  pan  designed  by  Dromart  (fig.  6)  illustrates 
the  closed  type.  It  is  provided  with  a  horizontal  cover  whose  edge 
fits  into  the  groove  (R),  the  latter  being  fed  by  a  stream  of  cold 
water  so  that  the  cover  is  hermetically  sealed.  The  pan  is  charged 
without  loss  of  turpentine  by  means  of  a  box  (B)  with  a  trap  in  the 
bottom  worked  by  a  lever.  By  manipulating  this  lever  the  resin 
contained  in  the  box  falls  into  the  pan.  To  obtain  uniform  heating 
the  resin  is  stirred  by  means  of  an  agitator  (G).  At  the  end  of  4 
to  5  hours  the  melted  resin  shows  a  temperature  of  from  85®  to 
90°  C,  and  a  jet  of  steam  issues  from  a  test  hole  in  the  cover.  The 
heat  is  then  reduced,  and  the  Uquid  mass  cooled  by  dumping  in  one 
or  two  boxes  of  resin  through  the  trap.  After  stirring  vigorously 
the  mass  is  allowed  to  rest  for  12  hours.  The  resin  is  then  decanted 
through  a  pipe  (V)  situated  above  the  bottom  so  as  to  keep  the  layer 
of  water  and  dirt  below  its  orifice. 

It  is  sometimes  difficult  to  separate  the  water  and  solid  impurities 
from  the  resin,  owing  to  the  fact  that  the  density  of  the  resin  and 
that  of  the  water  are  so  nearly  the  same.  The  density  of  a  gum 
containing  80  per  cent  rosin  and  20  per  cent  turpentine,  at  20®  C,  is 
about  1.023,  while  at  the  same  temperature  distilled  water  has  a 
density  of  0.998.    Since  the  water  in  the  resin  contains  certain  amounts 
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of  dissolved  matter,  its  density  may  be  greater  than  the  figure  given, 
wWle  the  density  of  resin  richer  in  turpentine  will  be  less  than  1.023. 
To  separate  the  two  it  is  necessary  to  lower  the  density  of  the  resin  or 
increase  the  density  of  the  water.  The  former  is  accomplished  by 
adding  certain  amounts  of  '^ heads''  and  '* tails"  from  a  previous  dis- 


tillation, and  the  latter  by  adding  a  cheap  salt,  such  as  common  salt 
or  soda. 

DISTILLATION  BY  DIRECT  HEAT. 

Direct  heating  is  the  method  of  distillation  generally  employed  in 
France.  The  type  of  still  and  its  method  of  operation  are  exactly 
the  same  as  in  the  United  States. 
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DISTILLATION  BY  STEAM. 

Of  the  200  stills  producing  turpentine  and  rosin  in  France,  only 
about  30  use  steam.  Several  types  of  steam  apparatus  are  employed, 
but  the  Dorian  still  will  serve  as  an  example  of  the  stills  heated  by 
steam  only. 


1 


This  still  is  remarkable  in  its  simplicity,  compactness,  and  efficiency. 
Its  principal  advantage  lies  in  the  fuel  economy  obtained  by  return- 
ing directly  to  the  boiler  the  condensed  water  obtained  from  the 
steam  used  in  heating  the  still,  instead  of  allowing  it  to  flow  away  as 
a  complete  loss  or  running  it  into  a  tank  for  feeding  the  boilers. 

The  apparatus  (fig.  7)  consists  of  a  steam  generator,  still,  and 
condenser.    The  generator  A,  which  may  be  of  any  type,  feeds  the 
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still  by  a  pipe  C  attached  to  the  steam  dome.  The  still  is  constructed 
entirely  of  steel  made  to  stand  a  pressure  of  10  atmospheres,  although 
6  atmospheres  is  never  exceeded  in  actual  practice.  The  still  con- 
sists of  a  gate  valve  P  for  introducing  the  crude  resin  and  another 
gate  valve  Q  for  discharging  the  rosin;  the  body  of  still  D,  shaped  like 
a  prism;  a  steel  jacket  E,  circular  in  shape;  32  tubes  H,  arranged 
crosswise  in  four  series  of  eight  tubes  each,  nmning  through  the  sfiU 
from  one  side  to  the  other,  through  which  passes  steam  from  the 
jacket  E;  a  hood  F;  a  still-head  G;  and  a  pipe  N,  which  leads  back 
to  the  boiler  the  water  produced  by  condensation  of  steam  in  the  still. 
Since  the  pressure  in  the  boiler  and  in  the  steam  jacket  is  the  same, 
th^  condensed  water  readily  returns  to  the  boiler  by  its  own  gravity. 
The  crude  resin,  divided  into  thin  layers  by  the  pipes  H,  distills 
rapidly.  To  carry  the  turpentine  over,  water  is  supplied  through  a 
funnel  in  the  top  of  the  hood  F. 

The  condensing  apparatus  consists  of  a  tubular  condenser  J  and  an 
ordinary  worm  K.  The  condenser  is  made  up  of  a  series  of  tubes 
from  10  to  12  feet  long,  riveted  to  two  steel  plates,  and  is  fed  with  cold 
water  through  LL'.  The  tubular  condenser  is  so  efficient  that  the 
worm  becomes  almost  useless. 

A  still  having  a  capacity  of  92  gallons  (about  2  barrels)  has  a  heat- 
ing surface  amoimting  to  about  120  square  feet,  and  permits  the  dis- 
tillation of  one  chaise  in  about  40  minutes. 

When  the  turpentine  is  completely  removed  the  introduction  ot 
water  ceases.  The  heating  is  continued  by  means  of  the  steam 
jacket  mitil  the  rosin  is  free  from  water. 

COMPARISON  BETWEEN  DIBECT  AND  STEAM  HEATED  STUXa 

The  disadvantages  of  distilling  with  directly  heated  stills  may  be 
summarized  as  follows: 

1.  During  the  distillation  of  the  crude  redn  the  ligneous  impurities  may  undergo  a 
partial  carbonization  which  colors  the  rosin. 

2.  The  rosin  becomes  exceedingly  dark  at  high  temperatures. 

3.  The  rosin  may  undeigo  incipient  decomposition  and  color  the  tiupentine  more 
or  less  yellow. 

4.  Distillation  by  direct  heat  is  a  delicate  operation,  difficult  to  regulate,  and  requir- 
ing an  experienced  man.  It  can  be  applied  only  to  a  comparatively  small  quantity 
ol  material,  if  good  results  are  to  be  obtained. 

5.  Increased  fire  risk. 

By  using  stills  heated  by  steam  the  above  disadvantages  are 
removed,  but  others  are  introduced.  The  reasons  why  the  use  of 
steam  stills  has  not  become  general  are: 

1.  Complicated  apparatus. 

2.  Greatly  increased  cost  of  apparatus  and  expense  of  operation. 

3.  Necessity  for  a  large  stock  of  crude  resin,  if  the  still  is  to  be  operated  economically. 

4.  With  the  majority  of  apparatus  the  crude  resin  must  be  given  a  preliminary 
treatment  to  remove  chips,  bark,  sand,  and  other  trash. 
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5.  Only  a  slight  increase  in  the  commercial  value  of  the  turpentine  and  Bometimes 
of  the  rosin.* 

However,  when  fuel  and  crude  resin  are  plentiful,  steam  stills  have 
the  following  important  advantages: 

1.  Very  pure  turpentine,  better  than  that  obtained  by  direct  heat. 

2.  Rosin  not  superheated,  and  but  slightly  colored. 

3.  Simple  and  easy  control  of  the  distillation. 

4.  Decrease  of  fire  risk. 

As  a  general  rule,  an  experienced  distiller  will  obtain  as  good  resultd 
with  the  ordinary  American  still  as  with  a  steam  still. 

THE  SUPPLY  OF  LONGLEAF  PINE  FOR  TURPENTINE  OPERATIONS. 

Up  to  the  middle  nineties  the  large  supply  of  yellow  pine  stump- 
age,  the  prejudice  against  Imnber  cut  from  tmpentined  trees,  and 
the  lack  of  adequate  transportation  facilities  in  many  regions 
where  tmpentine  operations  were  conducted,  caused  lai^e  bodies 
of  turpentined  timber  to  be  abandoned  and  left  to  be  destroyed  by 
fire,  wind,  and  decay.  It  is  estimated  thai  in  each  of  the  States  of 
North  Carolina,  South  Carolina,  Georgia,  Florida,  Alabama,  and 
Mississippi  the  loss  in  boxed  timber  has  amounted  to  from  three  to  ten 
billion  board  feet. 

At  present  the  damage  to  standing  timber  due  to  tmpentine  opera- 
tions has  been  considerably  reduced.  The  cup  systems  lessen  the 
fire  risk  and  the  heavy  demand  for  lumber,  coupled  with  improved 
transportation  facilities,  has  shortened  the  period  between  the  end  of 
tiupentine  operations  and  the  beginning  of  lumbering.  However, 
as  the  supply  of  timber  available  for  tmpentining  has  grown  smaller, 
the  practice  of  turpentining  imdersized  trees  has  become  common, 
especially  in  second-growth  stands  that  have  come  up  after  old  Imnbeir 
operations.  When  a  tree  under  6  inches  in  diameter  is  boxed  it 
seldom  makes  fiu'ther  growth,  and  cupping  has  almost  as  bad  an 
eflFect.  Not  only  is  further  growth  prevented,  but  the  tree  becomes 
a  menace  to  the  rest  of  the  stand  through  windfall,  fire,  or  decay. 
The  future  production  of  naval  stores  in  the  Southeast  is  rendered 
imcertain  by  the  practice  of  turpentining  small  trees,  and  the  future 
supply  of  longleaf  pine  is  endangered.  Moreover,  the  retimas  derived 
from  turpentining  small  timber  are,  as  a  rule,  hardly  sufficient  to 
cover  the  expense  of  operation. 

The  scarcity  of  longieaf  pine  suitable  for  tiUT)entining  has  reached 
an  acute  stage  in  North  Carohna,  South  Carolina,  and  Georgia,  and  is 
the  natural  result  of  the  exhaustion  of  the  virgin  pine  forests.  While 
considerable  ^' round''  timber — that  is,  timber  which  has  never  been 
tapped — remains  in  Alabama,  Mississippi,  Louisiana,  and  Texas,  it  is 

»  On  Apr.  6, 1911,  the  quotation  at  Savannah  on  "  B  "  rosin,  the  lowest  gtade,  was  $8.15  per  barrol,  whle 
"WW,"  or  the  highest  grade,  brought  but  $8.62  per  barrel.  The  average  price  of  "WW"  rosin  durliue 
the  naval  stores  year  1913-14,  was  $6.38,  and  of  "  B  "  rosfai,  $3.96  per  barrel. 
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for  the  most  part  held  by  large  lumber  syndicates,  which  usually  are 
unwilling  to  permit  turpentine  operations.  A  few  of  the  holding 
companies  are  beginning  to  permit  turpentining^  either  carrying  on 
the  operations  themselves  or  leasing  the  privileges  to  large  naval 
stores  companies.     In  Florida  the  small  operator  has  more  oppor- 


tunity, since  much  of  the  timber  is  at  present  in  the  hands  of  turpen- 
tmc  men. 

Figure  8^  shows  the  distribution  of  longleaf  pine.  The  various 
styles  of  crosshatching  denote  the  estimated  number  of  years  (from 
1909)  for  which  virgin  timber  will  be  available  for  turpentine  opera- 

^  Taken  from  tmpablished  report,  "Investiigatlon  of  the  Naval  Stores  Industry/'  by  A.  L.  Brower  and 
'.D.UFonti9Bee(1900). 
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tioiis.  By  this  it  is  not  meant  that  production  will  cease  in  any  given 
region  within  the  time  indicated  on  the  map,  but  that  after  the  lapse 
of  such  time  it  is  probable  that  the  turpentine  operator  will  have  to 
make  use  of  second-growth  timber  and  that  left  by  the  lumberman. 
Under  these  conditions  the  production  will  amount  to  but  a  fraction 
of  the  present  production.     This  prediction  is  based  on  the  supply  of 
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longleaf,  and  does  not  take  into  account  the  possibility  of  utilizing 
loblolly  and  shortleaf  pine  as  a  source  of  naval  stores. 

Figure  9^  indicates  the  percentage  of  the  original  longleaf  pine 
that  stiU  remained  standing  ''round''  in  1909.     The  data  are  not 

1  Taken  from  unpublished  report,  "Investigation  of  the  Naval  Stores  Indostry/'  by  A.  L.  Brovrar  and 
7.  D.  La  Fontissee  (1909). 
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intended  to  be  accurate  for  any  particular  locality,  but  rather  to 
represent  as  correctly  as  possible  the  conditions  generally  obtaining 
over  the  territory,  the  unit  of  consideration  seldom  being  less  than  a 
county.  The  high  price  of  naval  stores  in  1911  produced  an  unpre- 
cedented invasion  of  the  ''round"  timber.  It  has  been  estimated 
that  75  per  cent  of  the  ''round"  timber  held  by  turpentine  operators 
was  tapped  in  1912. 

TIBLDS  PES  CROP  IN  VARIOUS  STATBS. 

Table  16  shows  the  yield  per  crop  in  six  States  in  the  turpentine 
belt  and  the  percentage  of  gum  secured  by  boxing  and  cupping.  It  is 
noticeable  that  the  States  in  which  the  yield  per  crop  was  largest 
abo  made  the  largest  use  of  improved  methods.  The  timber  used  in 
turpentine  operations  in  Louisiana  and  Texas  is,  however,  generally 
of  larger  size  than  in  the  other  States  mentioned,  so  that  a  somewhat 
larger  yield  per  crop  imder  the  same  conditions  would  be  expected, 
although  not  such  a  difference  as  shown  in  Table  16. 

Table  16. — Average  yields  in  turpentine  operatums^  by  StateSf^  during  1909, 


state. 

Yield  of 
turpentine 
per  crop. 

Percentage 
of  gum  se- 
cured  by 
cupping. 

State. 

Yield  of 
turpentine 
per  crop. 

Percentage 
ofgumse- 
ciffedby 
cupping. 

AM^f>1^ 

B<meU, 
3&8 
».8 
26.5 

8 
16 
9 

T^miififmft 

BaneU. 
44.7 
34.5 
43.5 

44 

FWMm                 

If  fa^faAlppt       

11 

Gearsla. 

Texas ; 

49 

1  Taken  from  statistical  report  on  naval  stores  by  Brower  and  La  Fontissee. 

Table  17  shows  the  new  crops  started  by  the  box  and  cup  methods 
in  1909,  1908,  and  1907.  The  figures  indicate  that  the  cup  method 
is  steadily  gaining  grotmd;  they  also  show  that  North  Carolina  and 
South  Carolina  at  present  play  very  little  part  in  the  production  of 
naval  stores. 


Tablb  n.—New  crops  started  by  box  and  cup  methods  in  1909,  1908,  and  1907.^ 


Crops-190e. 

Cropa-1908. 

Crop9-1907. 

state. 

Boxed. 

Cupped. 

Per 

cent 

cupped. 

Boxed. 

Cupped. 

Per 

cent 

cupped. 

Boxed. 

Cupped. 

Per 

cent 

cupped. 

AW>^niM», 

337 

1,374 

1,026 

92 

ISl 

6 

42 

131 
326 
120 
136 
00 

28.0 
19.2 

las 

60.5 
33.2 

420 

1,603 

l,lg2 

163 

262 

15 

41 

84 
313 
101 
113 

49 
1 

16.7 
16.4 

7.0 
40.9 
16.3 

6.3 

423 
2,065 

'•^ 

288 
3 
91 

71 
210 
189 
67 
40 
1 

14.4 

Fkrida 

9.2 

Ginl^ 

a6 

Loofibna  and  Texas 

^fi-F^rfrri 

4a9 
12.2 

KofA^EoUBa... .;...: 

25.0 

fif^pt^  Cvolioa 

1  Taken  (hyoi  census 
Lalerstatirticsare, 


Ibr  1900,  reported  as  virgin,  yearling,  and  third-year  faces  worked  in  1900. 
'  ,  not  available. 
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POSSmiLITIES  OF  WESTERN  PINES  AS  A  SOURCE  OF  NAVAL  STORES. 

During  1911  and  1912  tho  Forest  Service  conducted  experiments 
on  western  yellow  pine  in  Arizona,  on  western  yellow  pine,  Jeffrey 
pine,  digger  pine,  singleleaf  pinon,  and  lodgepole  and  sugar  pine  in 
California  and  northeastern  Oregon,  and  western  yellow  pine  and 
pifion  pine  in  Colorado,  to  determine  the  quantity  of  crude  gum 
which  could  be  s(x*ured  from  these  pines  by  the  methods  ordinarily 
employed  in  tho  turpentining  of  longleaf  yellow  pine  in  the  South- 
east.* The  field  work  was  supplemented  by  laboratory  analyses  to 
determine  the  quahty  of  the  gum. 

Table  18  compares  the  yields  obtained  in  Arizona  with  those  ob- 
tained in  experiments  conducted  on  a  commercial  scale  in  Florida. 
The  Arizona  experiments  show  a  yield  from  western  yellow  pine 
about  four-fifths  as  great  as  that  obtained  from  southern  yellow  pines 
on  average  operations  in  Florida  in  the  same  period  of  time.  Weather 
conditions  in  Arizona,  however,  wiU  allow  only  a  24,  or  possibly  a 
26-woek  season,  as  against  30  or  35  weeks  in  the  Southeast,  so  that 
when  the  yields  for  the  entire  season  are  compared  western  yellow 
pme  shows  a  production  about  two-thirds  as  great  as  that  from 
southern  yellow  pine.  The  average  proportions  of  rosin  and  turpen- 
tine in  the  gum  were  about  the  same  in  both  regions,  as  was  the 
composition  of  the  turpentine. 

Table  18. — Comparison  of  yields^  in  pounds^  of  crude  gum  and  scrape  from  western 
yellow  pine  in  Arizona  and  longleaf  pine  in  Florida. 


I^ocallty. 

Crop 
desig- 
nation. 

Total  weight  ob- 
tained during 
season. 

Average  per  cup 
per  week. 

Dip. 

Scrape. 

Dip. 

Scrape. 

Arizona ' 

A 
B 
C 

2,862.80 
2, 524. 25 
2,431.75 

523.75 
314.  75 
288.25 

0.239 
.210 
.203 

0.0436 

Do 

.0262 

Do 

.0240 

Average 

2, 606. 16 

375.68 

.217 

.0313 

A 
B 

c 

D 

Florida « 

63, 616. 6 
61,161.5 
62,587 
73,703.5 

9,570 
7,650 
7,246 

8,880 

.256 
.246 
.252 
.297 

.0386 

Do 

.0306 

Do 

.0202 

Do 

.0358 

A  verage 

65,266.9 

8,336 

.263 

.0336 

»  Each  crop  of  500  cups  chipped  24  times.  «  Each  crop  of  8,000  cups  chipped  31  times. 


The  California  experiments  on  western  yellow  pine  were  carried 
on  from  July  7  to  November  1,  1911,  and  from  May  10  to  August  3, 
1912.  The  yields  obtained  in  1911  and  1912  are  combined  in  Table 
19,  to  show  the  flow  for  an  entire  but  not  a  continuous  season. 

1  The  Califomia  and  Oregon  exi>eriments  were  made  under  the  direction  of  Mr.  C.  StoweU  Smitli  and 
Mr.  J.  B.  Knapp,  assistant  district  foresters,  districts  5  and  6.  A  coii^)lete  report  of  this  work  is  on  file 
at  the  Forest  Service,  Washington,  D.  C,  and  at  the  Forest  Products  Laboratory,  Madison,  Wis.  For  a 
detailed  description  of  the  Arizona  and  Colorado  experiments  see  Forest  Service  Bulletin  116, "  Possibilities 
of  Western  Pines  As  a  Source  of  Naval  Stores,"  by  H.  S.  Betts. 
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Tablb  19. —  Yields  of  Califomia  western  yellow  pirUy  by  months  (crop  of  300  cwps,  chipped 

28  times). 


Date  of  dipping. 


1912. 

Ifa7 10-11 

Ifa7»- 

Jane  6-7. 

fomTL 

Wye 

Wy» 

lugogtS 

Total 


Weight 
of  dip. 


Pounds. 
175 
153 
146 
156 
171 
197 
260 


1,258 


Date  of  dipping. 


1911. 

August  16 

Septembers 

Septem1}erl5 

Septemer27 

October  19 

November  1 

November  28 

Total 

Total  for  1912 and  1911.... 
Average  per  cup  per  week. 


Weight 
of  dip. 


Pownds. 
217 
189 
'129 
172 
179 
152 
212 


1,250 

2,608 

0.3 


The  average  flow  per  cup  per  week  in  the  Calif omia  experiments 
for  a  season  of  29  weeks  was  somewhat  greater  than  in  the  Florida 
experiments  recorded  in  Table  18  for  the  same  period  of  time.  The 
Califomia  yield  is  also  slightly  greater  when  the  production  for  the 
entire  season  is  compared. 

The  composition  of  the  volatile  oil  obtained  by  distilling  the  gum 
from  the  Califomia  trees  differs  from  that  of  ordinary  turpentine 
somewhat  more  than  does  the  Arizona  turpentine,  but  the  oil  prob- 
ably wiU  be  satisfactory  for  industrial  purposes.  The  yield  from 
western  yellow  pine  in  northeastern  Oregon  was  very  small  compared 
with  that  in  Califomia.  This  can  be  attributed  in  part  to  the  unusu- 
ally adverse  climatic  conditions  dining  the  season,  but  it  is  not  likely 
that  more  favorable  weather  conditions  would  increase  the  yield 
enough  to  make  turpentining  in  that  region  a  profitable  industry. 

Jeffrey  pine  in  Califomia  yielded  only  61.5  per  cent  as  much  as 
westem  yellow  pine  farther  south  dming  the  same  period.  The  prin- 
cipal constituent  of  the  oleoresin  from  Jeffrey  pine  is  heptane,  which 
can  not  be  used  as  turpentine,  but  has  been  employed  to  some  extent 
for  medical  purposes.  Digger,  pifion,  lodgepole  pine,  and  sugar  pine 
in  Califomia  were  foimd  to  yield  such  small  amotmts  of  oleoresin 
that  it  would  be  impracticable  to  tap  them  on  a  commercial  scale 
unless  the  particular  oil  they  produce  could  be  made  to  bring  a  high 
price  for  some  special  purpose. 

Pifion  pine  (Pin/us  edulis)  in  Colorado  had  a  rate  of  flow  slightly 
over  one-half  that  of  the  Florida  pines  for  a  20-weeks'  period,  from 
June  9  to  October  31.  The  volatile  oU  from  the  pifion  gum  differs 
somewhat  from  ordinary  turpentine,  but  is  probably  suited  for  indus- 
trial use. 

PROBLEMS  OF  COMMERCIAL  DEVELOPMENT. 

In  considering  the  possibilities^ of  commercial  turpentine  opera- 
tions on  westem  pines  the  problem  of  labor  is  one  of  the  first  that 
presents  itself.  In  Arizona  the  Mexicans,  who  constitute  a  large  part 
rf  tiie  laboring  class,  are  totally  unfamiliar  with  turpentine  work. 
Negro  turpentine  hands  could  be  brought  in  from  the  Southeast,  but 
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their  transportation  would  be  costly.  A  few  negro  hands  might  be 
sectired  to  teach  the  Mexicans,  but  whether  the  results  would  be 
satisfactory  is,  of  course,  unknown.  In  California  both  Indian  and 
white  labor  is  available  in  many  timbered  portions  that  have  tur- 
pentine possibilities,  but  here  also  the  chippers  would  have  to  be 
taught  how  to  use  a  hack. 

The  shorter  season  in  Arizona,  as  compared  with  that  of  the  South- 
east, and  the  comparative  severity  of  the  winters  in  the  timbered 
parts  of  the  State,  might  make  it  necessary  to  discontinue  operations 
entirely  for  a  few  months  during  the  winter.  This  would  necessitate 
the  reorganization  of  the  operating  force  each  spring,  with  a  great 
many  attendant  diflBculties.  The  flow  continued  longer  in  Cahfomia 
than  in  Arizona,  the  experimental  areas  in  the  former  State  showing 
a  considerably  higher  average  temperature  than  those  in  the  latter, 
though  the  diurnal  range  of  temperature  in  California  was  greater. 

Western  yellow  pine  timber  generally  grows  in  open  stands  free 
from  imderbrush,  and  in  most  cases  there  would  be  little,  if  any, 
more  diflBculty  in  moving  the  crude  gum  than  in  the  Southeast.  On 
rough  ground  burro  pack  trains  might  be  used.  Two  small  kegs  or 
buckets,  holding  about  150  pounds  of  dip,  could  be  slung  on  each 
animal. 

The  niunber  of  cups  that  can  be  hung  on  an  acre  of  average  west- 
em  yellow  pine  compares  favorably  with  the  niunber  himg  on  many 
areas  now  being  turpentined  in  the  Southeast.  The  western  trees 
are  larger  than  most  of  the  southeastern  ones,  though  their  bark  is 
thicker  and  rougher,  and  the  outer  portion  must  be  removed  before 
the  trees  are  chipped.  This,  of  course,  means  the  expense  of  an 
extra  step  not  necessary  in  southeastern  operations.  Such  work  can 
be  done  by  the  use  of  a  broadaxe  or  heavy  spade-shaped  tool  with 
a  cutting  edge. 

The  cost  of  securing  turpentine  rights  in  the  Southeast  is  constantly 
rising,  and  it  is  likely  that  turpentine  stimipage  could  be  leased  at 
lower  rates  in  the  West.  At  present  the  turpentine  and  rosin  used 
in  the  West  is  shipped  from  the  Gulf  States,  and  the  advantage  of 
cutting  out  a  two  or  three  thousand  mile  haul  to  western  markets  is 
evident. 

The  naval  stores  industry  is  not  new  in  California.  During  the 
Civil  War  when  the  supply  of  naval  stores  from  the  South  was  cut 
oflf  an  attempt  was  made  to  supply  the  northern  States  from  the 
Pacific  coast.  The  industry  remained  active  for  four  or  five  years, 
but  suddenly  declined  when  North  Carolina  again  came  into  the 
market  after  the  close  of  the  war. 

The  commercial  success  of  turpentine' operations  in  the  Southwest 
will  be  doubtful  luitil  tried  on  a  commercial  scale.  Nearly  as  much 
turpentine  and  rosin  were  obtained  from  western  yellow  pine  as  from 
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lon^eaf ,  and  the  amount  of  timber  available  for  turpentine  opera^ 
tioDs  in  the  Southeast  m  constantly  diminishing.  These  two  facts 
make  it  reasonable  to  suppose  that  turpentine  operations  in  the  large 
tracts  of  virgin  pine  timber  of  the  West  will  in  time  be  justified. 

SPECIAL  PROBLEMS  INVESTIGATED—ARIZONA  AND  CALIFORNU 
WESTERN  YELLOW  PINE. 

ETAPORATION  FROM  CUPS. 

The  rate  of  evaporation  from  the  cups  in  Arizona  was  determined 
by  exposing  cups  half  full  of  fresh  gum  to  the  action  of  the  air  and 
weighing  them  at  regular  intervals.  The  samples  of  gum  were  secured 
bj  taking  small  amounts  from  as  many  of  the  cups  as  necessary  on 
the  first  or  second  day  after  a  fresh  streak  had  been  put  on.  Two 
samples  were  taken  from  each  area  after  each  dipping.  Since  dip  is 
collected  every  three  or  four  weeks  in  commercial  operations  the  loss 
.  m  weight  diuing  the  first  four  weeks  is  the  significant  figure  in  the 
evaporation  tests.  Forty-eight  evaporation  samples  were  used.  Of 
these  14  showed  no  loss  at  all  in  weight  for  the  first  four  weeks;  the 
remaining  34  samples  showed  losses  ranging  from  1.5  to  10.5  per  cent. 
The  average  loss  in  weight  for  all  the  samples  was  3  per  cent.  The 
gum  as  exposed  contained  turpentine,  rosin,  water,  and  chips.  The 
loss  by  evaporation  was  of  course  made  up  of  turpentine  and  water. 
The  average  loss  of  turpentine  by  evaporation  from  the  cups  in  the 
Arizona  experiments  was  therefore  less  than  3  per  cent.  The  average 
loss  in  six  similar  evaporation  tests  in  California  was  2.5  per  cent. 
No  evaporation  figures  are  available  for  southeastern  operations. 

GOMPABISON  OF  YIELDS  FROM  NOBTH  AND  SOUTH  FACES— ARIZONA. 

The  total  yield  for  50  cups  on  the  north  side  of  50  trees  from  the 
first  dipping  on  Jime  3  to  the  last  dipping  on  November  3  was  242.6 
pounds  and  for  50  cups  on  the  south  side  of  the  same  trees  266.2 
pounds.  These  weights  show  a  9  per  cent  greater  flow  on  the  south 
side  of  the  trees  than  on  the  north.  Figure  10  shows  the  average 
yield  per  week  for  both  the  north  and  south  faces  of  each  of  the  50 
trees,  arranged  in  order  of  the  yields  from  the  south  faces.  Twenty- 
seven  south  cups  yielded  more  than  the  corresponding  north  cups, 
while  17  north  cups  showed  an  excess  over  the  corresponding  south 
cups.  The  remaining  six  trees  had  about  the  same  flow  for  both  cups. 
The  diagram  shows  the  tendency  of  faces  on  the  same  tree  to  give 
the  same  yields.  Trees  having  an  exceptionally  good  or  exceptionally 
poor  flow  generally  show  it  in  both  faces. 

EFFECT  OF  TEMPERATURE  ON  WEEKLY  YIELD  OF  GUM. 

Figure  11  shows  the  average  flow  per  cup  for  50  trees  for  each  week 
and  the  corresponding  average  temperature.    With  but  few  excep- 
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tions  the  flow  increased  or  decreased  with  increase  or  decrease  of  tem- 
perature. The  effect  of  cool  weather  in  checking  the  flow  is  especially 
marked  toward  the  end  of  the  season. 


i 

E 


Fio.  10.— Comparison  of  flow  from  north  and  south  faoM  of  each  of  fifty  trees. 
RATE  OF  FLOW  DURING  WEEK. 

Data  on  the  variation  in  rate  of  flow  were  secured  by  weighing  the 
north  and  south  cups  on  10  trees  on  the  third  day  after  each  chipping 
throughout  the  season.  The  sum  of  the  weights  for  each  tree  was 
compared  with  the  weight  of  the  total  flow  for  the  season  from  the 
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FiQ.  11.— Relation  between  temperature  and  rate  of  flow  of  gum. 

same  trees.  An  average  of  the  results  shows  that  73  per  cent  of  the 
weekly  flow  occurred  in  the  first  three  days.  This  ratio  varied  from 
65  per  cent  to  78.6  per  cent  in  the  10  test  trees. 


Digiti 


zed  by  Google 


THE   NAVAL  STOBES  INDUSTRY. 


EFFECT  OF  VARYING  FREQUENCY  OF  CHIPPING  ON  YIELD— CAUFQRNU. 


49 


Table  20  shows  the  yields  obtained  from  three  similar  sets  of  50 
faces,  each  chipped  at  3,  5,  and  7  day  intervals  for  the  same  period. 

Table  20. —  Yields  obtained  by  chipping  at  different  intervals — California  (SO  faces  in 

each  set). 


3-day  intervals. 

5-day  intervals. 

7-day  intervals. 

Date  of 
chipping. 

WeiKht 
of  dip. 

Date  of 
chipping. 

Weight 
of  dip. 

Date  of 
chipping. 

Weight 
ofdip. 

1912. 

June  11 

June  23.... 

Julys 

July  17 

July  29 

Aug.  10.... 

Total.. 

Pounds. 
46 
49 
66 
60 
81 
81 

1912. 
June  14... 
June  29... 
July  14.... 
July  29.... 
Aug.8.... 

Pounds. 

P 

45 

1912. 
June  13... 
June  27... 
July  11.... 
July :».,.. 
Aug.8 

Pounds. 
25 
31 
31 
40 
45i 

. 

392 

234 

172i 

Over  twice  as  much  gum  was  obtained  by  chipping  at  3-day  inter- 
vals as  at  7-day  intervals. 


SUGGESTIONS  FOR  SPECIFICATIONS. 


HANGING  CUPS 


1.  The  distance  from  the  ground  to  the  apex  of  the  first  streak 
shall  not  exceed  10  inches. 

2.  No  "blazes*'  or  similar  scarification  of  the  tree  shall  extend 
below  the  gutter  or  apron.  The  surface  prepared  for  the  placement 
of  the  gutters  or  aprons  shall  not  extend  beyond  the  ends  of  the  same. 

3.  The  peak  of  the  first  streak  shall  not  be  more  than  2  inches 
above  the  gutter  or  apron. 

4.  The  "streak''  or  gash  made  for  the  placement  of  the  gutters  or 
aprons  shall  not  penetrate  the  wood  of  the  tree  more  than  one-half 
inch,  the  measurement  to  be  taken  from  the  dividing  line  between 
the  wood  and  bark. 

5.  The  gutters  or  aprons  must  be  so  attached  that  no  "gum"  flows 
between  the  tree  and  the  gutters  or  aprons,  or  flows  over  the  edge  of 
same  so  as  to  fall  without  the  cup  or  other  receptacle. 

6.  For  the  first  three  years  the  cups  and  gutters  shall  be  raised 
each  spring  to  the  top  of  the  face  worked  the  previous  season. 

7.  A  bar  or  strip  of  live  bark  not  less  than  4  inches  wide  in  the 
narrowest  place  shall  be  left  between  the  faces. 

cmppiNG. 

1.  No  tree  imder  10  inches  in  diameter  shall  be  tapped.  Minimum 
diameter  of  tree  to  carry  one  face,  10  inches;  minimimi  diameter  of 
tree  to  carry  two  faces,  16  inches;  no  tree  shall  carry  more  than  two 
facee. 
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2.  The  face  on  trees  from  10  to  16  inches  in  diameter  shall  not 
exceed  12  inches  in  width,  and  the  faces  on  trees  above  16  inches  in 
diameter  shall  not  exceed  14  inches  in  width. 

3.  The  height  of  the  face  shall  not  be  increased  by  more  than  16 
inches  each  year  the  tree  is  tapped. 

4.  Each  streak  shall  not  exceed  a  width  of  one-half  inch  or  a  depth 
of  one-half  inch,  the  depth  being  measm'ed  from  the  dividing  line 
between  the  wood  and  the  bark. 

5.  Before  the  chipping  season  opens  the  rough  outer  bark  shall  be 
scraped  oflF  over  the  entire  surface  to  be  chipped  for  each  season,  care 
being  taken  not  to  penetrate  the  living  bark. 

6.  During  the  winter  a  space  of  at  least  2^  feet  shall  be  raked  free 
of  d6bris  about  each  tapped  tree. 

PACKING  NAVAL  STORES. 

Buyers  and  exporters  frequently  complain  that  turpentine  and 
rosin  barrels  reach  them  in  poor  condition,  unfit  for  further  shipment. 
In  order  to  improve  the  standards  of  naval  stores  packages,  the 
Savannah  Board  of  Trade  in  1911  issued  letters  of  instruction  to 
naval  stores  operators  as  follows: 

Turpentine  barrels. — ^All  barrels,  whether  new  or  secondhand,  should  be  kept  abso- 
lutely protected  from  the  elements,  and  not  allowed  to  remain  subject  to  rain  and 
sunshine  at  way  stations  and  river  landings.  Glue  will  not  take  on  damp  staves. 
Every  barrel  should  be  glued  tv^dce  before  being  filled.  Use  only  the  best  quality  of 
glue,  as  it  is  the  cheapest  in  the  end.  Before  gluing,  see  that  your  pot  is  absolutely 
clean.  Put  into  this  20  pounds  of  good  glue  and  6  gallons  of  water,  and  allow  same 
to  soak  overnight-  On  the  following  morning  apply  sufficient  heat  to  melt  up  to  a 
temperature  not  exceeding  160°  F.  Under  no  condition  whatever  must  glue 
be  allowed  to  boil,  as  this  causes  decomposition  to  set  in,  which  causes  the  bad  amell 
usually  noticed  around  glue  sheds,  and  renders  it  utterly  worthless.  This  amount 
of  prepared  glue  will  be  sufficient  for  20  barrels.  After  gluing,  barrels  should  be  taken 
off  the  trough  and  stood  on  the  head  for  about  one-half  hour,  after  which  time  they 
should  be  reversed,  so  that  the  surplus  glue  will  nin  down  equally  on  both  heads. 
The  barrels  should  then  be  well  and  thoroughly  driven,  and  after  standing  for  24  hours 
should  be  given  a  second  coat  of  glue,  using  the  exact  formula  as  before.  They  are 
then  ready  to  be  filled  in  48  hours,  and  if  treated  in  this  way  there  should  be  no  turning 
except  for  broken  staves. 

Rosin.— Rule  No.  9  of  the  Savannah  Board  of  Trade  says  in  part:  "Roedn  barrels 
to  be  in  merchantable  order  must  have  two  good  heads,  not  exceeding  IJ  inches  in 
thickness,  staves  not  to  exceed  1  inch  in  thickness;  the  top  well  lined.*'  Too  much 
stress,  therefore,  can  not  be  placed  on  the  absolute  necessity  of  carrying  out  this  rule  to 
the  very  letter,  especially  regarding  the  thickness  of  staves  and  heading,  for  rule  No. 
10  specifically  instructs  the  inspector  to  make  a  proper  deduction  in  weight  on  all 
rosin  when  the  staves  and  headings  are  more  than  the  prescribed  thickness  in  rule 
No.  9.  In  such  cases,  therefore,  the  operator  will  lose,  as  in  addition  to  having  the 
deductions  made,  for  which  he  receives  nothing,  he  must  pay  the  full  amount  of 
freight  to  the  railroad.  Operators  must  see  that  every  barrel  is  well  coopered  before 
shipment;  see  that  all  four  hoops  are  naUed  on  the  barrels,  and  the  heads  cut  to  fit 
close,  and  a  good  lining  hoop  as  prescribed  by  rule  No.  9  is  in  place.  Staves  must  be 
properly  equalized.  Staves  should  be  40  inches  long,  and  barrels  built  on  a  22-inch 
stress  hoop,  which  gives  a  well-shaped  and  easily  handled  barrel. 
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KPraCT  OF  TKMPBRATURB  ON  VOLUME  OF  TUKPBNTINB. 

Operators  often  complain  that  the  factor's  gauge  of  their  barrels 
is  1  or  2  gallons  less  than  their  own.  When  the  barrel  has  not 
leaked,  the  difference  is  usually  due  to  the  temperature  at  which  the 
turpentine  was  placed  in  the  barrel.  Very  frequently  the  turpentine 
is  at  a  temperature  of  from  SO""  to  60''  C.  (from  122''  to  140''  F.)  when 
the  barrels  are  filled,  and  later  cools  to,  say,  26"  C.  The  mean  coeffi- 
cient of  expansion  of  turpentine  between  10"  and  40"  C.  is  0.000817 
per  d^ee.^  By  rough  calculation,  assmning  a  specific  gravity  of 
0.8500  at  50"  C,  if  the  original  50  gallons  have  cooled  25  degrees,  the 
loss  of  volimie  by  contraction  will  be  about  1.2  gallons.' 

When  the  condenser  is  incapable  of  cooling  the  distillate  to  ordinary 
temperatures,  the  barrels  after  being  filled  with  the  warm  tur]>entine 
should  be  loosely  plugged  and  allowed  to  stand  several  hours,  or  imtil 
tiirir  contents  have  cooled  to  the  temperature  of  the  surrounding 
atmosphere.  The  barrels  may  then  be  filled  up  to  the  required 
volume. 

COST  ESTIMATES  ON  A  20.CROP  TURPENTINE  OPERATION. 

The  cost  figures  which  follow  do  not  apply  to  any  single  locality; 
they  have  been  derived  from  several  sources,  and  are  believed  to 
cover  a  fair  range. 

The  yields  '  have  been  calculated  from  the  data  contained  in  Forest 
Service  Bulletin  90.  The  dip  is  assumed  to  contain  15  per  cent  water 
and  trash  and  18.5  per  cent  turpentine,  and  the  scrape  10  per  cent 
trash  and  11  per  cent  turpentine;  while  1  gallon  of  tiuTpentine  is 
assumed  to  weigh  7.25  potmds. 

I  Technologic  Paper  No.  9,  Bureau  of  Standards,  1912. 

*  Tbe  tcHowtng  formula  win  give  the  expansion  or  contraction  of  turpenUne  due  to  temperature  changes 

v-  QV 

0±(T'-T)  .000817 
where  Q  and  V  are  the  spedflc  gravity  and  vohime  at  the  temperature  T,  and  V  is  tbe  volume  at  tbe  lower 
temperatuie  T'. 

»  TIXLD6  PBB  CBOP,  CALCULATED  FROM  FOBKST  SKBVICB  BULLETIN  90. 

Ftot  year— 31  ch^pings: 

»,496  Iba.  dip,      yielding  42. 8  bbls.  turpentine  and  199. 0  bbls.  rosfai. 
12,500  lbs.  scrape,  yielding  a.  8  bbls.  turpentine  and  35. 4  bbb.  rosin. 

Total  yield 4«.  6  bbls.  turpentine  and  234. 4  bbls.  rosin. 

SeeoBd  year— 30  chliq;>in{pi: 

74,791  lbs.  dip,      yielding  88. 2  bbls.  turpentine  and  178. 0  bbls.  rosin. 
14318  lbs.  scR^M,  yielding  4. 5  bbls.  turpentine  and  41. 8  bbls.  rosfai. 

Total  yield 42. 7  bbls.  turpentine  and  219. 8  bbls.  rosfai. 

Third  yeai^29  chipplngs: 

57,324  lbs.  dip,      yielding  20. 3  bbto.  turpentfaie  and  136. 1  bbls.  rosfai. 
13,399  lbs.  scR^M,  yielding  3. 8  bbb.  turpentfaie  and  3&  3  bbb.  rosin. 

Total  yield 32. 9  bbls.  turpentfaie  and  174. 4  bbls.  rosin. 

Fourth  year— 30  chipplngs: 

45400  lbs.  dip,      yielding  23. 0  bbls.  turpentfaie  and  107. 1  bbls.  rosfai. 
19,908  lbs.  scrape,  yielding  &  0  bbls*.  turpentine  and  58. 2  bbls.  rosfai. 

Total  yteM 29.0  bbls.  turpentfaie  and  163. 3  bbls.  rosfai. 


Digiti 


zed  by  Google 


52  BULLETIN   229,   U.    S.   DEPARTMENT  OF   AGRICULTURE. 

COST  OF   EQUIPMENT   FOR   A   20-CROF   OPERATION. 

1  25-barrel  still,  with  eherl  and  fixturcB  complete $L  200.  00  to  |1,  250.  00 

20  shanties,  at  |50  to  $75  each 1, 000. 00  to  1,  500.  00 

2  houses,  at  |225  to  $300  each 450.  00  to  600.  OO 

1  commiflsary 200. 00  to  225.00 

Sheds  and  stables 175. 00  to  200.00 

Tools 100.  00  to  125.  OO 

170  to  200  dip  barrels,  at  $2.50  each 425.  00  to  500.00 

8  mules,  at  $200  to  $250  each 1,  600. 00  to  2, 000.  OO 

4  wagons  and  harness,  at  $75  to  $80 300. 00  to  320.00 

2  horses  and  saddles  for  woodsmen,  $150  to  $175 300.  00  to  350.00 

1  buggy  and  harness 75. 00  to  80.  OO 

Cups  and  gutters  for  20  crops,  at  $45  to  $55  per  thousand 9, 450. 00  to  11,  550.  OO 

15,  275.  00  to  18,  700.00 

COST  OP  OPERATION  AND  MAINTENANCE  OP  ONE  CROP  POR  ONE  SEASON  OF  30  WEEKS 

Hanging  cups $100. 00  to  $125. 00 

Kaking  and  burning 25.  00  to  28.  XK) 

Chipping 277. 00  to  300. 00 

Dipping 120.  00  to  150. 00 

Scraping 25. 00  to  35. 00 

Hauling  dip  and  scrape  to  still 80. 00  to  110. 00 

Distilling 45. 00  to  50.  OO 

Salary  of  woods  rider 70. 00  to  75.  OO 

Salary  of  manager. 50. 00  to  100.  OO 

Recruiting 10. 00  to  30.  OO 

Taxes  and  still  license 15. 00  to  20. 00 

Cotton  batting,  straining  wire,  oil,  tools,  etc 8.  00  to  10. 00 

Depreciation  on  cups  and  gutters  ' 80. 00  to  95. 00 

Depreciation  on  dip  barrels 5. 00  to  6.  00 

Depreciation  on  other  equipment,  at  10  per  cent 27. 00  to  33.00 

Interest  on  total  investment,  at  8  per  cent 60. 00  to  75. 00 

Lease  on  timber,  at  $25  to  $33  per  1 ,000  cups 262.  50  to  346.  50 

1,259.  50  to  1,588.50 

COST    OF  MARKETING  ONE  CROP. 

Barrels  and  cooperage $175. 00  to  $200.  00 

Haul  to  shipping  point 10.  00  to  100.  00 

Selling  commission,  2 J  per  cent 30.  00  to  35.00 

Inspection 8. 00  to  10. 00 

Storage 5. 00  to  10.00 

Insurance,  i  per  cent 6. 00  to  7. 00 

234.  00  to  362.  00 

Cost  of  operation  and  maintenance  of  one  crop 1,  259.  50  to  1, 588. 60 

Cost  of  marketing  one  crop 234. 00  to  362. 00 

Total  cost  for  1  crop 1, 493.  50  1, 950.  50 

Cost  for  20  crops 29,  870. 00  to  39, 010. 00 

1  The  life  of  the  cups  and  gutters  \s  about  6  years. 
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864385.  Paucer,  J.  J.    Turpentine  cup  and  attachment.    August  27,  1907. 
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890449.  Pbtteway,  G.  S.  and  Duval,  L.  W.    Turpentine  scraper.    June  9,  1908. 
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897126.  McKoY,  E.  A.    Turpentine  cup.    August  25,  1908. 

900203.  QuiNKER,  E.  E.    Turpentine  still.    October  6,  1908. 

900344,  900393.  Kohke,  J.    Machine  for  manufacturing  one-piece  folded  sheet-metal 

turpentine  cups.    October  6, 1908. 
906057,  906058.  McKoy,  E.  A.    Turpentine  cup.    December  8,  1908. 
906059.  McKoY,  E.  A.    Turpentine-gathering  apparatus.    December  8.  1908. 
906453.  McKoY,  E.  A.    Turpentine  cup.    December  8,  1908. 
907778.  Gilmer,  J.  T.    Sap  or  gum  extractor.    December  28,  1908. 
908222.  DupiN,  J.  V.  and  Anizan,  J.  M.    Sap-collecting  device.    December  29, 1908. 
913731.  Philip,  E.  R.    Turpentine-collecting  apron  and  receptacle.    March  2,  1909. 
923257.  Turner,  F.  B.    Tiirpentine  cup.    June  1, 1909. 
941724.  McKoY,  E.  A.    Turpentine  cup.    November  30,  1909. 
943050.  Stone,  N.  B.    Turpentine  hack.    December  14, 1909. 
956403.  McKoY,  E.  A.    Turpentine  cup.    April  26, 1910. 
961953.  Gilmer,  J.  T.    Sap  or  gum  extractor.    June  21,  1910. 

963065.  Prinole,  G.  C.    Turpentine  cup.    July  5,  1910. 

963066.  Prinole,  G.  C.    Support  for  turpentine  cup.    July  5, 1910. 
969765.  Bailey,  F.    Dipper  for  turpentine  cups.    September  13, 1910. 

974717.  Spaler,  D.  B.  and  Bryan,  B.  F.    Turpentine  separator.    November  1, 1910. 
984364.  Erizson,  C.  O.    Gum  filter.    February  14, 1911. 
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CMilribation  from  the  Ofllce  of  P«bUc  RoAds 
LOGAN  WALLER  PAGE,  DiracCor 


WadiiiigloB,  D.  C.  T  July  14, 191S. 

OIL-MEED  PORTLAND  CEMENT  CONCRETE. 

By  LoQAN  Waller  Page,  Director,  Office  of  Public  Roads. 
INTRODUCTION. 

The  enormous  growth  of  the  American  Portland  cement  industry, 
with  its  production  of  22,342,973  barrels  of  cement  in  1903  and 
92,949,102^  barrels  ia  1913,  is  striking  evidence  of  the  widespread  use 
of  this  deservedly  popular  material  of  construction.  Combined  with 
sand  and  stone  or  gravel  in  the  correct  proportions  and  mixed  with 
the  proper  amount  of  water,  the  residtant  product — concrete — ^is  a 
structural  material  of  perhaps  more  imiversal  adaptation  than  any 
other  material  now  in  use.  Its  apphcation  to  foimdations  for  heavy 
machinery,  to  dams,  walls,  bridge  piers,  timnels,  subways,  and  build- 
ing blocks  is  well  known.  When  properly  reinforced  with  steel,  its 
use  is  even  more  widely  extended  to  the  construction  of  bridges,  vats, 
sewers,  water  conduits,  and  nimierous  other  classes  of  construction. 

The  farmer  has  found  concrete  to  be  of  material  benefit  to  him  in 
buildiog  various  farm  structures  which  were  formerly  made  of  more 
perishable  materials.  Thus,  when  reinforced  with  steel  wire  or  rods, 
fence  posts  may  be  made  with  an  interminable  life  and  at  very  low 
cost.  It  is  also  exceedingly  well  adapted  to  the  construction  of  water 
tanks,  cisterns,  silos,  pavements,  floors,  buildings,  feeding  troughs,  etc. 
Simplicity  and  ease  of  manufacture  and  of  manipulation  in  construction 
work,  great  strength  and  durabihty,  and  comparatively  low  cost  are 
some  of  the  considerations  which  render  its  apphcation  so  universal. 

In  spite,  however,  of  the  many  virtues  possessed  by  concrete  as  a 
material  of  construction,  faults  are  apparent  in  its  tendency  to  crack, 
owing  to  external  temperature  changes,  to  the  rise  and  subsequent  fall 
of  internal  temperature  while  it  is  hardening,  and  to  the  shrinkage 
which  accompanies  the  drying  out  of  the  mass.  Then,  too,  as  ordi- 
narily made,  concrete  is  more  or  less  porous  and  absorbent  of  mois- 
ture— characteristics  of  the  material  which  are  plainly  evident  in  the 
damp  appearance  of  concrete  houses  after  a  period  of  wet  weather,  in 
leaky  basement  walls  and  floors,  and  in  reservoirs  which  persist  in 
losing  water. 

1  figures  supplied  by  U.  S.  Geologica]  Survey. 
KoTE. — This  bulletin  b  a  revision  of  Bulletin  46,  Office  of  Public  Roads,  and  is  of  interest  to  those  using 
MDbtnre-proof  cement  concrete. 
£8768*— Bull.  230—16 1 
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If  concrete  could  be  made  less  absorbent  of  moisture  and  less-porous, 
its  ability  to  withstand  the  penetration  of  water  would  be  greatly 
increased,  and  the  material  would  then  be  a  much  more  desirable  one 
for  structures  in  which  it  is  now  used  with  only  partial  success. 

OIL-MDa3>  CONCRirrE. 

While  experimenting  in  the  Office  of  Public  Roads  in  an  attempt 
to  develop  a  nonabsorbent,  resilient,  and  dustless  road  material,  one 
capable  of  withstanding  the  severe  shearing  and  raveling  action  of 
automobile  traffic,  the  writer's  investigations  led  him  into  a  very 
promising  discovery.  He  found  that  when  a  heavy  mineral  residual 
oil  was  mixed  with  Portland  cement  paste  it  entirely  disappeared  in 
the  mixture,  and,  furthermore,  did  not  separate  from  the  other  ingre- 
dients after  the  cement  had  become  hard.  The  possibilities  of  oil- 
cement  mixtures  for  waterproofing  purposes  were  recognized,  and 
extensive  laboratory  tests  were  immediately  begun  to  determine  the 
physical  properties  of  concrete  and  mortar  containing  various  quan- 
tities of  oil  admixtures. 

These  tests  have  now  extended  over  a  period  of  considerably  more 
than  two  years.  Many  valuable  data  have  been  obtained,  through 
both  laboratory  and  service  tests,  which  demonstrate  very  defi- 
nitely the  worth  of  oil-mixed  concrete  in  damp-proof  and  waterproof 
structures.  Detailed  results  of  these  various  tests  are  given  in  the 
appendix.  The  conclusions  so  far  reached  may  be  summarized  briefly 
as  follows: 

It  has  been  shown  that  the  admixture  of  oil  is  not  detrimental  to 
the  tensile  strength  of  mortar  composed  of  1  part  cement  and  3  parts 
sand  when  the  oil  added  does  not  exceed  10  per  cent  of  the  weight 
of  the  cement  used.  The  compressive  strength  of  mortar  and  of 
concrete  suffers  slightly  with  the  addition  of  oil,  although  when  not 
to  exceed  10  per  cent  of  oil  is  added  the  decrease  in  strength  is  not 
serious.  Concrete  mixed  with  oil  requires  a  period  of  time  from  50 
to  100  per  cent  longer  to  set  hard  than  does  plain  concrete,  but  the 
increase  in  strength  is  nearly  as  rapid  in  the  oil-mixed  material  as  in 
the  plain  concrete. 

Concrete  and  mortar  containing  oil  admixtures  are  almost  per- 
fectly nonabsorbent  of  water  and  are  therefore  excellent  materials  to 
use  in  damp-proof  construction.  The  addition  of  oil,  however,  doee 
not  appear  to  increase  to  any  great  extent  the  impermeability  of  con- 
crete subjected  to  heavy  water  pressxire,  and  this  method  alone  will 
probably  not  make  the  concrete  proof  against  the  actual  percolation 
of  water  through  the  mass.  It  has  been  found  that  strict  attention 
to  the  details  of  proportioning,  mixing,  and  placing  concrete  accom- 
plishes more  toward  making  it  waterproof  or  impermeable  than  the 
addition  of  any  extraneous  material.  On  the  other  hand,  no  amount 
of  care  in  connection  with  the  preparation  of  concrete  prevents  tlxe 
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abfiorption  of  water  into  the  mass.  The  addition  of  some  water- 
repellent  compound  appears  absolutely  necessary  to  insure  this  result, 
and  for  this  purpose  laboratory  tests  have  shown  these  oils  to  be  at 
least  equal  to  any  other  substance  that  has  been  used.  Laboratory 
tests  show  that  oil-mixed  concrete  is  just  as  tough  and  stiff  as  plain 
conerete,  and,  furthermore,  its  elastic  behavior  within  working  limits 
of  stress  is  identical  with  tJiat  of  plain  concrete. 

The  bond  between  concrete  and  plain-bar  reinforcement  is  decreased 
by  the  use  of  oil  in  the  concrete,  but  when  deformed  bars,  wire  mesh, 
or  expanded  metal  is  used  there  is  no  apparent  decrease  in  the  bond. 

Wiih  the  view  of  determining  what  effect  the  addition  of  oil  to 
cement  mortar  would  have  in  retarding  the  action  of  alkali  salts  on 
the  cement,  a  series  of  experiments  was  conducted  which  seemed  to 
mdicate  that  the  action  of  the  salt  solution  is  materially  retarded  by 
the  addition  of  5  to  10  per  cent  of  oil  to  a  1 : 3  mixture.  Plate  I  shows 
a  view  of  a  series  of  briquettes  subjected  for  one  year  to  the  action 
of  a  10  per  cent  solution  of  sodimn  sulphate.  The  briquettes  in  the 
upper  row  contained  10  per  cent  of  oil;  those  in  the  middle  row,  5  per 
cent  of  oil;  and  those  in  the  bottom  row,  no  oil. 

SEBTICE  TESTS. 

Two  bridge  surfaces  of  oil-mixed  concrete  were  laid  during  April 
and  May,  1910,  in  the  borough  of  Richmond,  New  York  City.  About 
400  feet  of  street  were  surfaced  in  1910  in  the  city  of  Washington, 
.likewise,  in  the  suburbs  of  Harrisburg,  Pa.,  about  one-half  mile  of 
roadway  was  laid  with  a  10  per  cent  oil  mixture.  Sections  of  road- 
way containing  oil  have  also  been  laid  on  Hillside  Avenue,  Jamaica, 
N.  Y.,  and  at  Chevy  Chase,  Md.  Observations  to  date  show  that  no 
apparent  advantage  has  been  gained  in  these  particular  cases  by  the 
addition  of  oil. 

Service  tests  of  oil-mixed  concrete  used  as  a  damp-proofing  material 
have  also  been  made.  A  vault  112  feet  long  by  18  feet  wide  in  the 
United  States  Treasury  Building  was  constructed  in  the  fall  of 
1910.  (Pis.  n  and  III.)  The  side  walls  of  this  vault  contain  10  per 
cent  of  oil  based  on  the  weight  of  cement  in  the  mixture.  The  roof 
was  constructed  of  ordinary  reinforced  concrete  with  about  3  inches 
of  10  per  cent  oil-mixed  concrete  placed  on  top.  For  months  the 
roof  of  this  vault  was  subjected  to  several  feet  head  of  water  without 
diowing  any  signs  of  leakage.  Another  vault  in  the  north  end  of  the 
Treasury,  on  account  of  leaking,  had  never  been  available  for  storing 
anything  of  value.  Oil-mixed  concrete  was  placed  on  the  roof  of 
thb  vault  and  it  is  perfectly  dry  at  the  present  time.  Niunerous 
floors  of  the  subbasement  of  the  Treasury  Building  and  in  the  new 
Bureau  of  Engraving  and  Printing,  and  a  floor  in  the  Office  of  PubUo 
Roads,  have  been  constructed  with  oil-mixed  concrete  and  have 
remained  entirely  free  from  dampness  up  to  the  present  time. 
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Several  tanks  constructed  of  oil-mixed  concrete  in  the  testing  lab- 
oratory of  the  Office  of  Public  Roads  have  remained  absolutely  water- 
tight since  their  completion  over  a  year  ago.  One  of  these  tanks 
was  made  of  a  mixture  of  concrete  composed  of  1  part  of  cement, 
2  parts  of  sand,  and  4  parts  of  stone,  mixed  with  10  per  cent  of  oil 
based  on  the  weight  of  cement  in  the  mixture.  It  is  used  for  storing 
concrete  test  specimens  and  is  14  feet  long  by  6  feet  wide  by  4^  feet 
deep.  The  bottom  of  this  tank  is  4  inches  thick  and  is  deposited  on 
the  cement  floor  of  the  laboratory.  The  sides  are  6  inches  in  thick- 
ness and  are  reinforced  with  one-half  inch  deformed  steel  bars.  A 
second  tank  was  built  very  successfully  merely  by  plastering  oil- 
mixed  Portland  cement  mortar  against  one-half  inch  mesh  expanded 
metal.  Although  the  sides  and  bottom  of  this  tank  are  but  1  inch 
thick,  it  is  absolutely  water-tight  against  about  2  feet  of  head. 

A  number  of  firms,  corporations,  and  individuals  applied  to  the 
Office  of  PubUc  Roads  for  information  in  regard  to  using  this  oil- 
cement  concrete  in  various  structures.  In  these  cases  the  office  sup- 
plied the  oil  specifications  and  directions  for  mixing  and  applying 
the  materials,  but  no  supervision.  Later,  inquiries  were  made  relsr 
tive  to  the  success  met  with  where  the  specifications  had  been  fol- 
lowed. Many  of  these  inquiries  were  not  answered,  but  of  the  29 
replies  received  from  persons  who  had  used  the  oil-cement  concrete, 
only  3  were  wholly  unfavorable,  while  1  was  partly  so.  Of  the  3  un- 
favorable replies,  1  referred  to  the  use  of  the  materifJ  for  paving  blocks, 
and  another  to  its  use  in  the  construction  of  tanks  for  holding  acids. 

A  sunmiary  of  these  29  replies  is  given  in  Table  1.  As  considerable 
difficulty  was  encountered  in  securing  oils  that  met  the  specifications, 
substitute  oils  were  used  in  some  instances. 

Table  1. — Results  obtained  in  the  use  of  oil  concrete  as  a  waterproofing  material  in  adual 

service. 
RESULTS  FAVORABLE. 


Re- 

Percent 
oil  used. 

Proportions 

Character  of 

^l 

Nature  of  work. 

and  consist- 
ency. 

workman- 
ship. 

required   and  results   ob- 
ta&ed. 

IC 

Ijfixnon  washing  tank;  floor 
for  toilet;  plaster  parU- 

5 

way. 

tions  on  metal  lath. 

2C 

Retaining  inrall 

10 

1:3:6  (wet).. 

do 

Waterproof  interior  against 

damp  earth.    Results  gen- 

erally satisfactory. 

3A 

1    gallon 

Bag  cement 

do 

To  waterproof  floor  against 
percolation  of  rain  w»t«r. 
Results  good.    Oil  cement 

floor  over  water  tank. 

to  bag 

to  4  bar- 

cement. 

rows  sand. 

laid  twice  as  fost  as  that 

without  oil. 

4A 

Swimming  pool,  20-lnch 
wall,  origmally   water- 
proofed with  *^Ceresit." 
Unsatisfactory    (5    feet 
water  in  tank). 

...do 

do 

do 

Scratch  coat  i  indi    tbick 

plastered  on  inside  of  tank. 
TUe  laid  on  this.    Ow  2 

years  old  and  has  nev«r 
leaked.   Tfle  adhered  weU. 

5B 

Roof  of  tool  house  and  silo. . 

10 

1:6 

Not  expert. . 

Plastered  1  inch  on  metal 
lath.    Results  very  good. 

6B 

Cellar  of  dwelling  house. 

f   gallon 
to  bag. 

1:2:2 

Not  expert.. 

1  foot  water  in  ceUar  belbre 
waterprooflng.  Absolutely 
water-tight  after  using  oO 
oonorete. 
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TiBLB  1. — ResuUs  ohtctmed  in  the  use  of  oil  concrete  as  a  waterproofing  material  in  actual 

service — Continued. 

RESXTLTS  FAVORABLE— CJontinued. 


B..I 

Percent 
oil  used. 

Proportions 

Character  of 

Character   of  waterproofing 

^. 

Nature  of  work. 

and  consist- 
ency. 

workman- 
ship. 

required  and  results  ob- 
tahied. 

7A 

Cellar  walls  and  floor  21  by 

10 

1:2:4 

Export 

To  waterproof  against  super- 
satuirated  earth  filling. 
Excellent  results.      Feels 

43  by  5  feet;  walls  18 

incbes. 

assured  as  to  value  of  oil  for 

this  class  of  work. 

8A 

Bain  -  water    cfatem    18 
incbes  under  ground;  15 

1:3:6 

Probably  tight.     No  water 

comes  into  cellar  6  feet  dis- 

by 15  by  10  feet;  14-Inch 

tant. 

walls. 

9A 

Water  tank— baside  walls 
lined  with  mortar  con- 
taining; hydrated   lime 
and  "Aqoabar." 

10 

1:3:3 

Export 

Oil  appears  to  be  beneficial. 

lOA 

Water  tanks  of  various 
sites  and  floors. 

5 

1:2 

do 

Oil  mortar  used  to  plaster  In- 
side of  tanks.  Results  sat- 
isfactory. Floors  satisfao- 
tory.  Dry  up  quickly  afto" 
flushing.   Mortar  "works" 

much  better  than  plahi. 

UA 

Floor  of  machine  shop  12 
by  15  feet;  2-inch  top. 

5 

1:2 

do 

C?onstruction  recent,  but  ap- 
parently satisfactory. 

12B 

Floor  in  com  bin;  and  a 

5 

1:3   20   per 

Not  expert. . 

Roof  tight  except  at  one  place 

poultry  house  complete 
(floor,  walls,  rooO- 

cent  hyd. 

where  crack  formed.    Re- 

Ihne. 

sults  good.  Recommends 
use  oioil. 

13B 

Walls  and  floor  of  hog  house 

5 

1:2 

do 

Damp-proofing  desired. 
Great  success. 

14B 

Foundations     (8     hiches 

5 

1:3:4  (wet).. 

Moderately 

Walls  are  perfectly  damp- 

thick)  and  cistern  (12 

expert. 

proof. 

feet  deep). 

15B 

Floor  of  erain  bins 

15 

1:1  (wet).... 
1:3   (very 

Not  expert.. 
do 

Is  perfectly  hard  and  water- 
proof. 
Makes  hard,  very  smooth 

I6B 

Paving  block  12  by  14  by  5 

2 

feet;  oil  mixture  used  as 

wet). 

bdng. 

moisture  because  nonpor- 

17A 

Concrete  silos 

5 

l:2}:4} 

1:2:4  (wet). 

Expert 

ous. 
Results    generally   satisfac- 
tory. 

18B 

Concrete  arch;  facing  of 
st^t. 

10 

1:2 

do 

Waterproofed  concrete  in  ex- 
cellent condition.  Nonwa- 
terproofed  concrete  badly 
disintegrated. 

liB 

Piaster  coat  to  inside  of 
cistern  }  hich. 

10 

1:4  (wet).... 

do 

Waterproofing  seemingly 
perfect.  No  known  dete- 
rioration. 

20B 

Renovating  leaky  cistern; 
^inch  coat  foUowed  by 
brush  coat. 

20 

Neat 

Not  expert. . 

Results    very    satisfioctory. 

Absolutely  waterproof. 

21B 

Cellar  wall,  f-frirh  plaster 

8 

2:3  (wet).... 

do 

Wall  so  far  waterproof. 

22B 

eoat. 
Basement  walls  of  a  build- 
ing subject  to  action  of 

2 

1:1:3 

Absolutely  waterproof  and 
damp-proof.     Stone   wall 

groundwater. 

above  continually  admits 

water. 
Results  entirelv  satisfactory. 
Only  trouble  slight  sweating 

2SB 

Tank  for  wood  pulp 

(0 

0) 

(0 

2kJL 

10 

l:2;4(w©t).. 

Expert 

jected  to  4  feet  head  of 

through  joints. 

water;  wall6  hiches  thick. 

njL 

6 

1:3:4 

Moderately 

Wall    sustains    weight    of 

floor,treightelevatorpit. 

expert. 

street,  is  waterproof  and 
very  satisfactory.  No 
other  method  of  damp- 
proofing  so  thorough  pjid 
satisfactory;  none  so  inex- 
pensive. 

RESULTS  UNFAVORABLE. 


Cement  blocks  for  track 
paving. 

Task  to  hold  1  per  cent  sol- 
ublo  sulphurlo  acid  at 
IWF. 

Floor  of  cellar  2-inch  top. . . 

CaOarihiofa  thick 


10 


(») 


0) 


1:2:4  (wet).. 
(») 

1:3   (very 

wet). 
(0 


Expert 

Not  expert. . 


Not  successful.  Blocks  never 
used.  Oil  was  added  for 
toughness. 

Not  successful.  Acid  dis- 
solved concrete. 

Has  as  much  water  as  before 
coating  was  applied. 

Keeps  about  one-naif  volume 
of  water  out  of  cellar. 


1  Used  aooording  to  specifications. 


>  No  data  kept. 
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A  very  intereBting  experiment  showing  the  nonabsorbent  and  non- 
permeable  character  of  oil-mixed  mortar  when  subjected  to  low  pres- 
sm*e  is  incompletdy  shown  in  Plate  IV.  Four  mortar  receptades, 
8  inches  in  outside  diameter^  2i  inches  high,  and  with  walls  and 
bottom  one-half  inch  in  thickness,  were  immersed  in  water  to  a 
depth  of  about  2  inches  after  they  had  cured  in  moist  air  for  one 
week.  A  mortar  mixture  of  1  part  of  cement  to  3  parts  of  sand  was 
used.  Specimen  No.  1,  which  contained  no  oil,  showed  a  damp  spot 
on  the  inside  after  inunersion  for  about  one  minute.  After  one 
hour's  inunersion  it  was  damp  over  the  entire  inner  surface  to  a 
height  somewhat  greater  than  the  level  of  the  water  in  the  dish* 
This  was  caused  in  part  by  capillarity.  Within  a  few  days  wat^ 
had  penetra'ted  this  receptacle  untU  tiie  level  inside  was  tiie  same 
as  that  outside.  The  remaining  three  vessels,  made  of  1:3  mortar 
and  mixed  with  6,  10,  and  20  per  cent  of  oil,  respectively,  remained 
perfectly  dry  on  the  inside  during  immersion  for  one  year. 

All  of  these  experiments  have  given  very  encouraging  results  and 
point  to  the  use  of  oil-mixed  mortars  and  concretes  as  a  cheap  and 
effective  solution  of  the  problem  of  waterproofing  for  a  groat  many 
types  of  concrete  construction. 

MATERIALS  USED. 

As  ordinarily  made,  concrete  consists  of  a  mixture  of  cement,  sand, 
broken  stone  or  gravel,  and  water.  Oil-mixed  concrete  differs  from 
ordinary  concrete  only  in  that  oil  is  an  additional  ingredient  in  the 
mixture.  It  is  important  that  the  materials  used  in  any  concrete 
mixture  be  of  the  proper  kind  and  be  combined  in  the  correct  pro- 
portions for  the  work  in  hand. 

CBMENT. 

By  far  the  best  cement  for  use  in  oil-mixed  concrete  is  Portiaxid 
cement,  not  only  because  of  its  more  tmiform  quality,  but  also  l>e- 
cause  of  its  greater  strength,  which  permits  it  to  be  mixed  witli  ct 
larger  percentage  of  properly  proportioned  aggregate.    For  nmm- 
portant  work  it  is  usually  safe  to  select  a  brand  of  cement  of  Mrell- 
known  reputation  and  use  it  without  testing,  although  even    for 
work  of  an  insignificant  character  it  is  preferable  to  test  the  ceDaei:it 
for  its  soundness  or  its  Uability  to  disintegrate. 

A  very  quick  test  for  soundness  may  be  made  by  kneading  sonxo  ol 
the  cement  with  enough  water  to  form  a  paste  of  such  consist>exie^ 
that  it  may  be  molded  into  a  ball  without  crumbling.  This  l>a]l 
which  shotQd  be  about  1}  inches  in  diameter,  should  be  allowed  tx 
harden  under  a  moistened  cloth  for  24  hoiirs,  after  which  it  slixoxil^ 
be  placed  in  a  pan  of  cold  water,  and  the  water  heated  to  the  boiliru 
point.    If  the  cement  ball  shows  no  signs  of  cracking  after  boilixii 
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for  three  hours  and  remains  hard  and  not  disintegrated  in  any  way, 
the  indications  are  strongly  in  favor  of  the  fitness  of  the  sample. 

On  work  of  any  importance,  the  cement  should  be  carefully 
sampled  and  tested  by  a  testing  laboratory  equipped  for  that  purpose. 

SAND. 

The  character  of  the  sand  used  in  a  concrete  mixture  has  a  marked 
effect  on  the  strength  of  the  concrete.  The  sand  should  be  dean  and 
coarse.  It  is  not  advisable  to  permit  more  than  5  per  cent  of  silt  or 
day  in  the  sand,  since  both  of  these  materials  tend  to  weaken  a  rich 
concrete  mixture  when  present  in  large  quantities.  The  sand  grains 
should  be  coarse;  that  is,  should  be  graded  in  size  from  one  thirty- 
second  up  to  one-eighth  or  one-fourth  inch  in  diameter.  Sand 
graded  in  size  from  small  to  large  makes  a  denser  and  stronger  mortar 
tt^  sand  of  uniform  size.  Should  fine  sand  be  the  only  material 
ayailable,  it  wiU  be  necessary  to  use  an  increased  quantity  of  cement 
in  order  to  obtain  the  same  strength  that  would  be  obtained  from 
the  use  of  a  coarser  sand. 

STONE. 

The  best  rocks  for  concrete  are,  in  general,  the  traps  and  granites, 
although  some  varieties  of  sandstone  and  limestone  give  very  good 
results.  Gravel  which  is  clean  makes  an  excellent  material  for  use 
in  concrete.  The  best  results  are  usually  obtained  with  stone  graded 
in  size  from  one-fourth  inch  up  to  IJ  inches,  but  for  reinforced 
work  a  maximum  size  of  1  inch  is  preferable.  Whenever  gravel  is 
used,  it  should  be  screened  through  a  one-fourth  inch  mesh  screen 
and  the  finer  particles  should  be  later  recombined  with  the  coarser 
particles  in  the  correct  proportions.  It  is  not  a  wise  procedure  to 
mix  cement  with  the  gravel  as  it  comes  from  the  bank,  since  the  sand 
and  larger  pebbles  are  generally  not  proportioned  correctly  to  obtain 
the  densest  and  strongest  concrete. 


The  TTiiYing  water  should  be  clean  and  free  from  all  strong  acids, 
aZkalies,  and  vegetable  matter. 

8PECIFIGATION8  FOR  OIL  TO  BE  USED  IN  OIL-CEMENT  CONCRETE. 
(Subject  to  reyision.) 

(1)  The  oil  shall  be  a  fluid  petroleiun  product  and  shall  contain 
no  admixture  of  fatty  or  vegetable  oils. 

(2)  It  shall  have  a  specific  gravity  not  greater  than  0.945  at  a 
temperature  of  25®  C. 

(3)  It  shall  show  a  flash  point  of  not  less  than  150*^  C.  by  the  closed- 
cop  method. 
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(4)  When  240  cc.  of  the  oil  is  heated  in  an  Engler  viscosimeter  to 
50°  C,  and  maintained  at  that  temperature  for  at  least  three  minutes, 
the  first  100  cc.  which  flows  out  shall  show  a  specific  viscosity  of  not 
less  than  15  nor  more  than  30. 

(5)  When  1  part  of  the  oil  is  shaken  up  with  2  parts  of  himdredth 
normal  caustic  soda,  there  shall  be  no  emulsification,  and  upon 
allowing  the  mixture  to  remain  quiet  the  two  components  shall 
rapidly  separate  in  distinct  layers. 

The  general  purpose  of  the  above  clauses  is  as  follows: 
Clause  1  eliminates  compounded  products  in  which  the  presence 
of  saponifiable  oUs  would  break  down  the  strength  of  the  cement. 
Clause  5  has  a  similar  purpose  in  eliminating  certain  straight  petro- 
leum residuals  which  readily  emulsify  with  alkali,  and  seriously 
impair  the  strength  of  the  mortar  to  which  they  are  added.  Clauses 
2,  3,  and  4  combine  to  prevent  the  use  of  certain  asphaltic  oUs  which 
prove  detrimental  to  the  strength  of  the  concrete,  and  clause  4,  in 
particular,  prescribes  an  oil  of  such  viscosity  as  to  be  readily  miscible 
with  the  mortar,  while  still  possessing  suflicient  body  to  render  the 
structure  damp  proof. 

METHOD  OF  MAKING. 

For  most  pmposes  where  damp-proofing  is  required  5  per  cent  of 
oil  based  on  the  weight  of  cement  in  the  mixture  is  all  that  is  neces- 
sary. A  bag  of  cement  weighs  94  pounds,  and  consequently,  for 
each  bag  of  cement  used  in  the  mixture,  4.7  poxmds  or  about  2J 
quarts  of  oil  are  required. 

Let  it  be  supposed  that  a  batch  of  concrete  requiring  two  bags  of 
cement  is  to  be  mixed  in  the  proportions  of  1  part  of  cement  to  2 
parts  of  sand  to  4  parts  of  broken  stone  or  gravel,  together  with  5 
per  cent  of  oil.  Four  cubic  feet  of  sand  are  first  measured  out  in  a 
bottomless  box  12  inches  deep  and  2  feet  on  each  side.  On  top  of 
the  sand  is  spread  the  cement  and  these  materials  are  mixed  together 
until  they  appear  to  be  of  uniform  color.  Water  is  then  added  to  the 
mixture  and  the  mass  again  mixed  to  a  mortar  of  mushy  consistency. 
Five  quarts  of  oil  are  then  measured  out  and  added  to  the  mortar, 
and  the  mass  again  turned  until  there  is  no  trace  of  oil  visible  on  the 
surface  of  the  mortar.  Particular  care  should  be  taken  to  continue 
the  mixing  until  the  oil  is  thoroughly  incorporated  in  the  mixture- 
Experience  has  shown  that  to  insure  the  very  best  results  the  length 
of  time  of  mixing  should  be  practically  double  that  required  when 
oil  is  not  used.  The  oil-mixed  mortar  is  then  combined  with  the 
stone  or  gravel  previously  moistened  and  the  mass  is  again  turned 
until  all  of  the  stone  is  thoroughly  coated  with  the  mortar  and  the 
mass  is  uniformly  mixed  throughout.  Should  only  oil-mixed  mortar 
be  desired,  the  process  is  sunilar  to  that  above  described  except  that 
no  stone  is  added. 
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Briquettes  Showing  Repellent  Action  of  Oil-Cement  Concrete  on  Alkali 

Water. 

Top  row  contained  10  per  cent  of  semiaspbaltic  oil;  middle  row  contained  5  per  cent  of  semi- 
Asphaltic  oil;  bottom  row  contained  no  oil.  Briqueitea  were  immersed  one  year  in  a  10  per 
cent  solution  of  sodium  sulphate. 
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Plate  II. 
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Plate  ill. 
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In  a  machine  mixer  the  cement,  sand,  and  water  are  first  mixed 
to  a  mortar,  when  alternate  batches  of  oil  and  stone  are  added  until 
the  required  quantity  of  oil  is  mixed,  and  then  the  remainder  of  the 
stone  is  added  and  mixed.  When  a  batch  mixer  is  used,  the  exact 
method  of  procedure  should  be  determined  by  experiment,  owing  to 
the  fact  that  different  makes  of  mixers  require  slightly  different 
handling  to  insure  best  results.  A  continuous  mixer  should  not  be 
used  in  oil-cement-concrete  work,  as  with  this  type  the  time  of  mix- 
ing can  not  readily  be  increased  to  the  extent  necessary  to  insure  a 
uniform  distribution  of  the  oil. 

MATERIALS  BEQUIBED  FOB  1  CUBIC  YARD. 

The  following  table  gives  the  proportions  by  parts  and  amounts 
required  of  cement,  sand,  stone,  and  oil  to  make  a  cubic  yard  of  oil- 
mixed  mortar  and  concrete: 

Tablb  2. — QuantUie$  of  materiah  required  far  1  cubif  yard  of  oU-mked  mortar  and 

concreie. 


Proportkos  by  parts. 

Cement 
(barrels*). 

Sand 
(cubic 
yards). 

Stooeor 

Oniblo 
yards). 

Ofl 
(gaUoDSS). 

Cement. 

Sand. 

Stooeor 
graveL 

Ofl 

(percent). 

1 

3 

5 

1  "' 

/          5 
\         W 
/          « 
\         10 

8.31 
3.82 

2.48 

1.98 
1.67 
1.80 

1.11 

12.1 

ao6 

/      ft.02 
1    12.04 
/      4.8 
\     9.61 
3.81 
/     3.16 
\      6.3 
r     2.69 
\     6.38 

2 
3 

4 
2 

^ 

3 

0.93 
1.05 

1.11 
.44 

.46 

.47 

4 
5 

6 

0.88 
.92 

.94 

s  Ofl  weighs  about  7f  pounds  per  gallon. 


1  One  barrel  of  cement  equals  4  bags. 


All  of  the  laboratory  and  service  tests  thus  far  made  on  oil-mixed 
mortars  and  concretes  are  indicative  of  a  wide  future  usefulness  for 
these  materials,  principally  in  damp-proof  construction.  There  are 
many  types  of  structures  through  which  the  permeation  of  moisture 
is  ruinous  to  either  the  appearance  or  the  eflBciency  of  the  construc- 
tion, or  is  seriously  detrimental  to  the  health  of  either  animal  or 
human  Hf  e.  The  efflorescence  due  to  the  leaching  out  and  subsequent 
carbonization  of  the  hme  on  the  surface  of  a  concrete  wall  might 
well  be  prevented  by  the  incorporation  of  an  agent  capable  of  ex- 
cluding all  moisture.  Again,  the  dampness  of  many  cellars,  with  its 
danger  to  health,  could  have  been  prevented  had  the  walls  and  floors 
been  damp-proofed.  The  following  types  of  structures  might  be 
damp-proofed  at  an  exceedingly  shght  extra  expense  by  the  incorpo- 
ration of  a  small  amount  of  the  proper  kind  of  mineral  oil  residuum 
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with  the  mortar  or  concrete  used  in  construction:  Basement  floors, 
basement  walls,  watering  troughs,  cisterns,  bams,  silos,  irrigating 
canals,  the  concrete  base  for  bituminous  concrete  and  asphalt  road- 
ways, concrete  blocks,  roofs,  stucco,  and  numerous  important  engi- 
neering constructions. 

BASEMENT  FLOORS. 

A  basement  floor  which  will  remain  perfectly  dry  may  be  con- 
structed at  a  cost  but  very  slightly  higher  than  that  of  the  ordinary 
basement  floor  by  the  incorporation  of  a  petroleum  residuum  oil 
with  the  ordinary  concrete  mixture.  The  following  method  of  con- 
struction, using  an  oil-cement  mixture,  is  suggested  as  one  which 
will  prevent  the  permeation  of  moisture  even  from  a  very  wet  subsoil. 

It  will  be  well,  if  the  imderlying  soil  is  very  wet,  to  lay  a  6-inch 
foxmdation  of  sand,  cinders,  broken  stone,  or  gravel,  compacting 
these  materials  well  by  tamping.  In  addition,  it  will  be  of  advantage 
to  employ  drain  tiles  in  this  porous  foimdation,  leading  them  to  a 
sewer  if  possible.  On  top  of  the  foimdations  should  be  laid  a  4-inch 
layer  of  concrete  mixed  in  the  proportions  of  1  part  of  Portland 
cement,  2i  parts  of  sand,  and  6  parts  of  broken  stone  or  gravel. 
Before  the  concrete  base  has  hardened,  a  top  or  wearing  coat  of  mortar 
mixed  in  the  proportions  of  1  part  of  cement  and  2  parts  of  sand  or 
stone  screenings,  and  containing  6  per  cent  of  oil  (2i  quarts  per  bag 
of  cement)  should  be  laid.  This  top  coat,  because  of  its  nonabsor^nt 
character,  will  give  perfect  protection  from  imderlying  moisture,  and 
moreover  it  will  buUd  a  floor  which  will  dry  out  very  quickly  after 
washing,  since  practically  none  of  the  washing  water  will  be  absorbed. 

It  might  be  thought  that  the  addition  of  oil  to  the  mortar  wearing 
coat  would  tend  to  make  the  surface  slippery.  Such,  however,  is  not 
the  case;  nor  is  the  appearance  very  much  different  from  that  of  an 
ordinary  cement  floor.  Should  joints  be  provided  for  expansion  and 
contraction,  it  will  be  necessary  to  fill  them  with  a  good  bituminous 
filler  to  prevent  the  entrance  of  water. 

Many  cellar  floors  now  made  of  Portland'  cement  concrete  are 
giving  trouble  owing  to  the  permeating  moisture.  They  are  con- 
tinually damp  and,  owing  in  part  to  the  constant  evaporation  from 
their  surface,  they  are  cold.  Such  a  condition  may  be  remedied  by 
the  appUcation  of  an  oil-mixed  mortar  coat  to  the  surface  of  the  old 
floor.  Before  attempting  to  lay  the  new  wearing  surface,  the  old 
floor  should  be  scrubbed  thoroughly  clean  and  should  be  made 
thoroughly  wet.  The  bond  between  the  old  and  the  new  work  will 
be  improved  if  the  old  sin^ace  be  roughened  with  a  stone  hammer. 
A  wash  composed  of  1  part  of  hydrochloric  acid  and  5  parts  of  water 
may  be  used  to  clean  the  siu*face.  This  will  dissolve  some  of  tlie 
cement  from  the  old  work,  leaving  the  aggregate  exposed.    The  acid 
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sohitioa  should  be  left  on  not  longer  than  half  an  hour,  when  it 
should  be  completely  removed  with  clean  water.  The  surface  should 
&en  be  brushed  with  a  wire  or  stiff  scrubbing  brush  to  remove  any 
particles  of  sand  which  may  have  become  loosened  because  of  the 
dissolving  of  the  cement. 

A  mortar  composed  of  1  part  of  cement  and  2  parts  of  sand  and 
containing  5  per  cent  of  oil  will  be  sufficiently  nonabsorbent  for  the 
new  wearing  coat.  To  strengthen  the  bond  it  will  be  well  to  apply  a 
wash  of  grout,  made  by  mixing  cement  with  water  to  the  consistency 
of  cream,  before  laying  the  oil-mixed  mortar  coat.  For  the  ordinary 
basement  floor  a  1-inch  layer  of  mortar  will  prove  of  sufficient  thick- 
ness. It  wiU  be  necessary  to  keep  the  new  mortar  damp  for  at  least 
one  week  in  order  that  it  may  attain  its  proper  strength. 

OBLLAB  WALLS. 

The  entrance  of  moisture  through  the  walk  is  another  conmion 
source  of  damp  basements.  The  water  pressure  in  the  soil  adjacent 
to  the  wall  is  very  seldom  of  great  magnitude^  so  that  a  material 
nonporous  and  at  the  same  time  impermeable  under  moderate  pres- 
sures is  the  logical  one  to  use  for  this  type  of  construction. 

A  concrete  mixture  in  the  proportions  of  1  part  of  cement^  2} 
parts  of  sand,  and  5  parts  of  gravel  or  broken  stone,  together  with  10 
per  cent  of  oil  based  on  the  weight  of  cement  in  the  mixture,  should 
prove  amply  rich  for  most  situations.  A  wall  of  these  proportions, 
12  inches  thick  and  provided  with  a  spread  footing,  will  withstand 
a  pressure  of  6  feet  of  earth.  When  supported  at  the  top  by  floor 
joists,  a  much  thinner  wall  may  be  used  with  safety.  A  6-inch  wall 
7  feet  high  may  be  used  to  withstand  6  feet  of  earth  pressure.  Gen- 
erally speaking,  such  a  thin  wall  should  be  reinforced  by  deformed 
steel  rods  spaced  about  2  feet  apart  in  both  directions.  Any  of  the 
many  types  of  deformed  bars,  made  especially  for  reinforcing,  may  be 
used  with  perfect  results.  Care  should  be  taken  that  the  earth  is  not 
filled  in  against  the  back  of  the  wall  for  at  least  four  weeks  after  pour- 
ing the  concrete,  unless  the  waU  is  braced  on  the  inside  by  allowing 
the  inner  forms  to  remain  in  place. 

Many  basement  walls  now  built  of  stone,  brick,  or  concrete  are 
giving  trouble  through  leakage.  The  application  of  a  plaster  coat 
of  oil-mixed  mortar  composed  of  1  part  of  cement,  2  parts  of  sand,  5 
per  cent  of  oil,  and  enough  water  to  form  a  rather  stiff  mortar,  will 
prove  an  efficient  remedy  for  this  trouble.  The  surface  to  which  this 
mortar  is  to  be  applied  should  be  roughened  with  a  stone  hammer,  if 
the  old  wall  is  of  concrete,  or  the  mortar  joints  should  be  raked  out  to 
a  depth  of  half  an  inch  from  brick  or  masonry  walls.  The  acid  wash 
previously  described  should  be  applied  to  cleanse  the  surface  thor- 
ooghly,  fliter  which  the  loose  particles  must  be  removed  with  a  wire 
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brush  or  a  stiflf  bristles  brush..  It  will  be  impossible  to  obtain  a  water- 
tight coating  if  it  is  applied  while  water  is  seeping  through  the  walL 
It  will  be  well  to  wait  for  the  dry  season,  when  the  ground  water  is 
reduced  to  its  lowest  level,  before  attempting  to  waterproof  by  plas- 
tering. Should  water  appear  to  be  coming  through  a  well-defined 
crack  in  the  wall,  calking  with  oakum  or  cotton  may  be  resorted  to  in 
order  to  stop  the  leakage  imtil  a  plaster  coat  of  oil-mixed  mortar  can  be 
appUed.  It  will  be  necessary  to  mix  the  mortar  for  plastering  to  a 
rather  dry  consistency,  and  it  should  be  troweled  hard  in  order  to 
obtain  a  hard,  dense  waterproof  surface.  A  wash  of  cement  and  water 
mixed  to  the  consistency  of  thick  cream  and  appUed  before  the  oil- 
mixed  mortar  coat  is  put  on  will  aid  the  new  mortar  in  adhering  to  the 
old  work.  The  old  wall  must  be  thoroughly  wet  before  the  new 
mortar  coat  is  appUed. 

WATERINO  TROUOHS. 

The  use  of  oil-mixed  concrete  in  the  construction  of  watering 
troughs  will  be  found  to  give  excellent  results  in  maintaining  them 
in  an  absolutely  water-tight  condition. 

For  this  purpose  a  mixture  of  1  part  of  Portland  cement,  2  parts 
of  clean  coarse  sand,  and  4  parts  of  gravel  ranging  in  size  from  i 
inch  to  1  inch  is  recommended.    The  mixture  should  likewise  con- 
tain 10  per  cent  of  oil  based  on  the  weight  of  cement  and  should 
be  mixed  to  a  jellylike  consistency.     It  will  be  well  to  provide  wire- 
mesh  or  steel-rod  reinforcement  for  the  bottom  and  walls.    Care 
should  be  taken  to  puddle  the  concrete  into  place  thoroughly  and  to 
trowel  or  spade  the  material  next  to  the  molds.    This  flushes  ttie 
•  mortar  to  the  surface,  making  it  smooth  and  dense,  and  rendering  a 
finishing  coat  of  plaster  unnecessary.    Should  a  very  smooth  surface 
be  desired,  an  effective  finish  may  be  obtained  by  applying  several 
paint  coats  of  oil-mixed  cement  grout  made  as  follows:  Enough 
water  should  be  mixed  with  cement  to  form  a  paste  of  soft,  putty- 
like consistency.     To  this  paste  should  be  added  3  per  cent  of  oil, 
based  on  the  weight  of  dry  cement  in  the  mixture  (a  10-quart  bucket 
of  dry  cement  requires  about  a  pint  of  oil  for  this  purpose),  and 
the  whole  should  be  mixed  imtil  the  oil  is  entirely  combined  with  the 
other  ingredients.    The  paste  may  now  be  thinned  down  with  more 
water  to  the  consistency  of  cream,  after  which  it  may  be  applied  with 
a  stiff  brush  to  the  previously  dampened  concrete.    A  second  coat  of 
this  oil  grout  should  be  applied  after  the  first  coat  has  hardened. 
Care  should  be  taken  that  it  does  not  dry  out  too  quickly  by  applying 
it  to  the  dry  concrete  or  exposing  it  to  the  direct  rays  of  the  sun.     A 
trough  or  tank  built  as  described  will  be  absolutely  water-tight,  and, 
furthermore,  the  waterproofing  will  have  cost  almost  nothing  in  com- 
parison with  the  costs  of  the  other  materiab. 
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CISTERNS. 


For  waterproofing  cisterns,  oil-mixed  concrete  will  prove  of  great 
benefit.  It  is  absolutely  necessary  that  cisterns  which  are  buried  in 
the  ground  be  waterproofed  to  prevent  contaminated  ground  water 
from  seeping  in,  as  well  as  to  prevent  the  cistern  water  from  escaping. 
Buried  cisterns  of  rectangular  shape  should  be  reinforced  to  resist 
the  earth  pressure,  which  tends  to  bulge  the  side  walls  inward  when 
the  water  nms  low.  The  reinforcement  should,  therefore,  be  pro- 
Tided  on  the  inside  or  tension  side  of  the  walls.  The  earth  pressiure 
will  prevent  the  tank  from  cracking  when  it  is  full  of  water. 

For  cistern  construction  a  mixture  composed  of  1  part  of  cement, 
2  parts  of  sand,  and  4  parts  of  gravel  or  broken  stone,  together  with 
10  per  cent  of  oil,  is  effective.  The  inner  faces  of  the  cistern  should 
be  painted  with  an  oil-mixed  cement  grout  applied  with  a  stiff  brush 
and  rubbed  well  into  the  face  of  the  wall.  Two  coats  of  this  grout, 
containing  about  3  per  cent  of  oil,  should  be  used. 


BARNS. 


Bams  constructed  of  concrete  are  gradually  coming  into  use  because 
of  their  durability,  cleanliness,  resistance  to  fire,  and  economy.  It  is 
essential  that  the  interior  of  these  structures  be  kept  free  from  mois- 
ture, and  for  this  reason  it  is  well  to  waterproof  the  concrete  mixture 
entering  the  side  walls  and  flooring.  The  side  walls,  unless  water- 
proofed, have  a  tendency  during  a  long  beating  rain  to  absorb  and 
retain  much  moisture,  and  this  moisture  penetrates  to  the  interior. 

If  oil  in  amount  equal  to  5  per  cent  of  the  weight  of  cement  be 
mixed  with  the  concrete  used  in  the  side  walls,  this  damp  condition 
of  the  interior  becomes  impossible,  because  the  admixture  of  oil  pre- 
vents the  penetration  of  the  moisture. 

Bam  floors  should  be  waterproofed  by  the  addition  of  oil  as  pre- 
viously described.  A  damp-proof  floor  has  the  advantage  of  remain- 
ing dry  and  hence  warmer,  because  there  is  no  evaporation  from  the 
surface.  It  is  likewise  more  sanitary  than  an  ordinary  concrete 
floor  because  of  its  nonabsorbent  character. 


CONCRETE  BLOCKS. 


The  use  of  concrete  blocks  in  the  building  trade  is  yearly  increasing. 
Much  criticism  has  been  heaped  on  the  building  block,  and  in  many 
cases  the  criticism  has  been  just.  It  is  recognized  that  many  con- 
crete-block houses  are  damp,  owing  to  the  fact  that  the  walls  are 
very  porous  and  absorb  and  retain  much  moisture  after  a  heavy, 
beating  rain.  A  building  block  generally  need  not  be  waterproofed 
against  water  pressure,  but  it  should,  however,  be  rendered  proof 
against  the  permeation  of  water  by  absorption.  The  use  of  a  small 
quantity  of  mineral  oil  in  a  concrete  block  renders  it  extremely  non- 


Digiti 


zed  by  Google 


14  BULLETIN  230,  U.  S.  DEPABTMENT  OP  AGBICULTUBB. 

absorbent,  so  that  even  after  a  hard  rain  there  is  no  danger  from 
damp  walls.  In  a  1:2:4  mixture,  5  per  cent  of  oil  is  a  suffici^it 
quantity  to  waterproof  properly  against  absorption. 

BOOF8. 

Portland  cement  mortar  mixed  with  mineral  oil  and  reinforced 
with  steel-wire  mesh  may  be  advantageously  used  in  the  construction 
of  roof  slabs.  These  slabs  could  be  assembled  in  place  on  the  roof 
after  they  have  attained  sufficient  hardness.  Reinforced  concrete 
tiles  may  also  be  advantageously  made  with  Portland  cement  con- 
crete mixed  with  a  small  percentage  of  mineral-oil  residuum. 

STUGOO. 

Portland  cement  stucco  is  widely  used  in  the  construction  of  many 
residences.  This  type  of  construction  is  economical,  and,  moreover, 
with  it  many  beautiful  effects  are  possible.  The  term  "stucco"  is 
given  to  the  exterior  finish  coat,  which  may  be  appUed  to  brick,  stone, 
concrete,  hollow  tile,  or  frame  construction.  According  to  the  finish 
desired  and  the  kind  of  surface  to  be  covered,  the  stucco  is  applied 
in  two  or  three  coats.  The  first,  or  scratch  coat,  should  be  mixed  in 
the  proportions  of  1  part  of  Portland  cement  and  2  parts  of  clean, 
coarse  sand,  with  enough  water  to  form  a  good  stiff  mortar.  If  5 
per  cent  of  oil  is  added  to  this  mixture,  the  scratch  coat  will  be  per- 
manently waterproof.  While  this  coat  is  still  wet,  it  is  roughened 
with  a  stick  or  trowel  over  the  entire  surface.  The  second  coat, 
which  may  be  of  the  same  proportions,  is  plastered  on  after  the  first 
coat  has  set  sufficiently  to  support  it.  The  use  of  oil  in  this  coat  may 
be  omitted  if  desired,  and  it  may  be  given  a  rough-cast  finish  by 
using  a  trowel  covered  with  burlap  or  carpet. 

The  second  coat  may  also  be  appUed  by  throwing  it  on  with  a 
wooden  paddle.  This  produces  a  rough  siutface  known  as  a  slap- 
dash finish.  A  pebble-dash  siu^ace  may  be  secured  by  using  a  wet 
mixture  composed  of  1  part  cement  and  3  parts  pebbles  one-fourth 
inch  in  diameter.  This  mixture  is  thrown  on  the  second  coat  while 
it  is  still  soft,  and  the  result  is  a  very  pleasing  surface.  When  a 
pebble-dash  finish  is  used,  the  second  coat,  as  well  as  the  scratch 
coat,  may  be  mixed  with  oil.  In  most  constructions  the  second 
coat  will  be  found  superfluous,  because  a  sufficiently  thick  coating  is 
usually  obtained  from  the  first  appUcation  of  oil-mixed  mortar. 

When  stucco  is  apphed  to  stone  or  hollow  tile,  care  should  always 
be  taken  to  have  the  siu^ace  well  moistened  or  otherwise  a  great  deal 
of  water  wiU  be  absorbed  from  the  mortar  coat,  and  so  greatly 
weaken  it  and  cause  contraction  cracks  to  form. 

IBBIGATION  DrrCHBS. 

The  results  of  laboratory  tests,  previously  referred  to,  which  iudi-. 
oate  that  the  presence  of  oil  tends  to  retard  very  materially  the 
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action  of  alkalies  on  concrete,  suggests  that  another  field  for  the  use 
of  oil-cement  concrete  may  be  found  in  the  construction  of  linings 
for  irrigating  canals  and  ditdies.  Many  of  these  canals  are  in  locali- 
ties where  the  soU  is  strongly  impregnated  with  alkali  salts  and 
where  tho  water  carried  contains  alkali  in  solution.  The  destructive 
action  of  alkali  is  imdoubtedly  due  to  the  crystallization  of  the  salts 
within  the  mass  of  the  concrete,  or  the  formation  by  chemical  action 
of  compoimds  of  greater  volume  than  the  original  salts,  or  to  a  com- 
bination of  both  of  these  actions. 

As  the  admixture  of  oil  will  retard  the  absorption  of  water  into  the 
oonorete,  it  should  materially  lengthen  the  life  of  the  lining.  In  the 
mixing  of  concrete  for  this  purpose  it  is,  of  course,  necessary  to  avoid 
the  use  of  either  water  or  sand  containing  alkaU.^ 

CONGBSTB   BABB  FOR  BOADWAT8. 

The  use  of  this  material  should  also  prove  of  value  for  damp- 
{HX)ofing  the  concrete  base  of  roads  against  the  action  of  ground 
water,  which  if  allowed  to  pass  through  will  tend  to  disintegrate  the 
road  surface.  Such  action  as  this  is  particularly  noticeable  with 
road  surfaces  such  as  asphalt,  bituminous  concrete,  etc.  Assuming 
the  usual  proportions  for  the  concrete  base,  etc.,  10  per  cent  of  oil 
should  prove  sufficient  for  this  purpose. 

BNOINBBBINO  OONSTBUOTIONS. 

There  are  many  important  engineering  constructions  in  which  oil- 
mixed  mortar  or  concrete  may  be  advantageously  employed.  Among 
them  may  be  mentioned  aqueducts,  buildings,  burial  vaults,  boats, 
foundations,  gutters,  mausoleums,  roofs,  sewers,  troughs,  tanks,  and 
weDs.  In  some  constructions  a  coat  of  oil-mixed  mortar  is  effective, 
while  in  others  oil-mixed  concrete  may  be  used  throughout. 

It  is  confidentiy  beUeved  that,  if  carefully  prepared  oil-mixed  con- 
crete is  used  in  structures  of  any  kind  requiring  damp-proofing — 
and  in  such  structures  careful  work  is  a  very  important  factor  in  the 
result — there  will  be  no  difficulty  experienced  from  leakage  and  the 
structures  will  have  been  damp-proofed  at  very  little  extra  expense. 

J  ifore  dateitod  information  relative  to  the  use  of  ofl-oemant  oonorete  for  this  purpose  may  be  secured 
fcyrafcrenee  to  BolleUn  No.  126  of  the  Department  of  Agrioolture. 
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APPENDIX. 

PHYSICAL  TESrrS  OF  OIL-MDEBD  PORTLANIMXMENT  CONCSETE. 

In  order  to  investigate  the  physical  properties  of  oil-mixed  Port- 
land-cement concrete,  the  following  physical  tests  were  conducted  in 
the  testing  laboratory  of  the  OflBce  of  Public  Roads:  (1)  Tensile 
strength,  (2)  crushing  strength,  (3)  time  of  setting,  (4)  toughness  or 
resistance  to  impact,  (5)  stiffness  or  modulus  of  elasticity,  (6)  absorp- 
tion, (7)  permeability,  and  (8)  bond  tests. 


1- 

^-^ 

^             ' 

L 

OiLfi/c 

\49e/ 

f^r£CT  o^  Ofi.  Oft  Tensfte 
_   (Ottaita  Sano) 


T 


Fig.  l.—EfTect  of  oil  on  tensile  strength  of  1 : 3  mortar. 

The  materials  used  consisted  of  Portland  cement,  river  sand, 
crusher-run  gneiss,  river  gravel,  and  various  kinds  of  petroleum 
residuum  oils. 

The  mechanical  analysis  of  the  sand,  stone,  and  gravel  used  is 
given  below: 

Table  3. — Mechanical  analysis  of  sand,  stone,  and  gravel. 


16 


Sand. 

Stone. 

Gravel. 

Sieve 

Percent 

Sieve 

Percent 

Sieve 

Percent 

No. 

retained. 

No. 

retained. 

No. 

retained. 

Inch, 

Inch. 

iinch 
linch 

3 

28.4 

I 

4.2 

11 

66.3 

a4 

10 

17 

. 

92.1 

aas 

20 

42 

9S.4 

80.2 

30 

66 

97.7 

40 

87 

50 

93 

80 

96 

100 

99 
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Tliere  were  37  per  cent  of  voids  in  the  sand,  43  per  cent  in  the  stone, 
and  37  per  cent  in  the  gravel. 

The  cement  passed  the  specifications  of  the  American  Society  for 
Testing  Materials. 

Various  types  of  oils  were  used,  and  these  are  described  in  the  fol- 
lowing table: 

Table  4. — Analysis  of  oils  used  in  oil-cement-concrete  mixtures. 


Sample  Na— 

4145 

4146 

4147 

4149 

4170 

4923 

4981 

5053 

6464 

7393 

TVpe 

a924 

0.86 

(») 

0) 

a  910 

12.56 
(«) 

L 

7.98 
(») 

0.923 

7.02 
(») 

A. 

18w38 

(•) 

0.945 

1.35 

(•) 

0.893 

27.17 

(0 

a  924 

3.70 

(•) 

0.904 

0.10 

(•) 

0> 

KfOanfVtr 

(«) 

§>€diScgr»Tity  at  25'/25»  C... 

rtrwnrof  loss  at  163»  C,  5 

bonnr  (30  grams)  ....^....... 

0.049 
19.38 

Chincter  ofreBidiie 

(*) 

Per  cat  of  bftmnen  solable  In 
CSt  air  temperature 

P«r  cent  of  organic  matter  in- 
nlable       ..    

99.90 
.01 
.00 

99.99 
.01 
.00 

99.93 
.07 
.00 

99.95 
.05 
.00 

99.81 
.13 
.06 

99.96 
.04 
.00 

99.95 
.02 
.03 

99.90 
.07 
.03 

99.90 
.10 
.00 

99.96 
.06 

Ptt*  cent  of  inorganio  matter 
jiBolnMe 

.00 

Total  (per  cent) 

Pv  cent  of  total  bitumen  in- 
sofaible  in  86*  B.  paraffin 
oapbtha 

loaoo 

2.23 
2.41 
14.20 

100.00 

6.82 
3.36 
6.40 

100.00 

iai6 

5.11 
18.20 

loaoo 

2.24 

1.98 

2a  20 

100.00 
16.87 

100.00 

3.46 
4.18 
65.10 

100.00 

1.00 
1.77 
X50 

loaoo 

4.12 
2.82 
17.40 

100.00 

1.10 

1.17 

13.50 

100.00 
2.45 

2.87 

^wciflc  viscosity,  Engler,  50*  C. 

1X20 

1  Ffaiid  residual  oil. 

s  Cut-back  oU  asphalt. 

s  Fluid,  greasy. 

« Fluid,  sticky. 

•  Fluid,  slighUy  sticky. 


•  Semisolid,  sticky. 

'  Slightly  granular,  more  viscous  than  original. 

B  Fluid,  granular  in  appearance. 

t  Very  viscous,  greasy  fluid,  rather  lumpy;  surface  waxy. 


TENSILE   8TBENOTH. 

Table  5. — Tensile  strength  {1:3  mortar,  Ottawa  sand). 


Age  in 
days. 

Per 
cent 
ofofl. 

Laboratory  No.  of  oU. 

4923 

4981 

5053 

6464 

7393 

7 

28 
ISO 
360 
720 

0 

f 

10 
0 

10 
0 

f 

10 
0 

f 

10 
0 

f 

10 

256 
299 
287 
262 
296 
400 
316 
331 
326 
449 
372 
360 
326 
320 
353 
343 
293 
257 

283 
259 
268 
264 
376 
327 
341 
329 
312 
323 
321 
319 

244 
297 
313 
304 
331 
353 
334 
871 
302 
298 
325 
330 
288 
286 
309 
320 

210 

*"258" 
308 
275 

*"298" 
403 

221 
230 
200 
195- 
250 
270 
253 
260 

315 
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The  foregoing  results  are  plotted  on  figure  1.  It  wiU  be  noticed 
that,  in  general,  the  specimens  containing  oil  have  a  higher  tensile 
strength  than  those  without  oil. 


OBUSHINa  STRENaTH. 


Specimens  of  mortar  and  concrete  containing  different  percentages 
of  various  kinds  of  oils  were  molded  6  inches  in  diameter  and  6  inches 
high.  They  were  bedded  in  plaster  of  Paris  and  blotting  paper,  and 
crushed  at  a  speed  of  0.152  inch  per  minute.  Table  6  gives  the 
crushing  strength  of  1:3  oil-mortar  specimens  for  periods  of  28,  180, 
and  360  days;  and  Table  7,  the  crushing  strength  of  oil-concrete 
cylinders  tested  at  various  periods  up  to  two  years.  The  results  are 
plotted  on  figures  2  and  3.  It  will  be  noted  that  the  crushing  strengtii 
is  decreased  by  the  addition  of  oil,  but  that  the  decrease  is  not  serious 
when  the  amount  of  oil  does  not  exceed  10  per  cent.  It  will  also  be 
noted  that  oil-mixed  cement  concrete  gains  in  strength  with  time 
in  about  the  same  ratio  as  untreated  concrete.  This  fact  indicates 
that  the  addition  of  oil  to  the  mixture  in  small  amounts  has  no 
disintegrating  effect  on  the  cement.  This  statement  holds  true  for 
periods  up  to  and  including  two  years. 

Table  6. — Comprestion  test  of  oil-mortar  6  by  6  inch  cylinders^  proportions  1:3  by  weight. 


Specimen 


Per 
cent 
ofofl. 


on  No. 


Air  cured. 


days.      180  days.      300  days, 


Water  cored. 


28day8.       180  days.     800  days. 


1. 
17 
2. 
22 
27 
18. 
8. 
23 
28 
19. 
4. 
24. 
29. 
21. 
6.. 
26, 
31. 
7.. 
8.. 
9.. 
10. 


4145 
4146 
4146 
4146 
4146 
4146 
4146 
4146 
4147 
4147 
4147 
4147 
4149 
4149 
4149 
4149 
4170 
4170 
4170 
4170 


1,170(6] 

1,050(2 
790(1 
896(2 
776(2 
916(2 
830(1 

1,216 
036 

1,405 

1,070 
976 
795 

1,306 

1,170(1 

1,440(2] 
925 

1,010 
980 

1,065 
890 


1,850(2) 
830(2) 


1,597  (2^ 
1,220(2) 


780 
910 


\^ 


1,125 
1,110 


1,275 
1,295 
1,155 


1,6701 
1,3801 
1,715< 


2,135 
1,715 1 
1,320 1 
1,2901 
1,020 1 
1,770* 
2, 400 1 


2,275(2) 
2,160(2) 


f,^[^ 


1,615(2) 
1,420(2) 


l,700f 
1,425? 
2.«I0( 


1,086(2] 
1,055(2 
1,105(2 


1,435 

1,310(2] 

1,395(2! 


(2) 


1,395 1 
1,065 1 
940< 
l,006i 
1,170 
1,220 


1,330(2) 
1,135(2) 
1,315(2) 
1,510(2) 
1,666(2) 
1,326  (2) 


1,775(2) 

1,345(2) 

l,995(2f 

1,720(1 

1,670(2] 

1,400(2 

2,220(2 

1,760(1 

1,805(2 

1,230 

1,760 

1,680 

1,265 

1,175 


2,410 
1,640 
2,475 


2,475r 
1,780? 

a,7ooi 


2,350 
2,010 
2,656 


2,250 
1,806 
2,450 


2,215(2] 
1,475(2 
2,065(2 
1,825(2 
1,366(2 
1,340  (2 


2,320 
1,530 
2,345 
2,200 
1,685 
1,S75 


NoTE.~Numbers  in  parentheses  indicate  number  of  specimens  tested. 
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Fio.  2.  Effect  of  oQ  on  cnishlzig  strength  of  1:3  mortar. 


1 1 1 r 

sorter  Of  O/L  Oft  Cm/s*tfNS    Strength 
cf    Cof*cpere 
Cjee"  CrunfOEftS: 


A 


/tee  CtMT  Of   O/L. 


^\ 


--^: 


Fio.  3.— Effect  of  oU  on  crushing  strength  of  concrete. 
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Table  7. — Compression  tests  ofoUrConcreU  6  by  6  inch  cylinders. 


Speci- 
men 
No. 


Oil 

No. 


Pro- 
por- 
tions. 


Per 
cent 
oil 


Air  cured. 


28  days.  180  days.  SGOdays.  720  days. 


Water  cored. 


28  days.    180  days.  360  days.  720  days. 


10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
164.. 
168. 
169.. 
177., 
479.. 
480., 
481., 
482., 
800.. 
801. 
802., 
808. 
796. 
797. 
798.. 
799. 


4923 
4923 
4923 
4923 
4923 
4923 


4923 
4923 
4923 
4923 

4981 
4981 
4981 


4923 


7393 
7393 


7393 
7393 


1:3:6 

1:3:6 

1:3:6 

1:3:6 

1:3:6 

1:3:6 

1:3:6 

1:3:5 

1:3:6 

1:3:6 

1:3:5 

1:3:5 

1:3:5 

:1.5:4.6 

:1.5:4.5 

:1.5:4.5 

:1.6:4.5 

1:2:4 

1:2:4 

1:2:4 

1:2:4 

:1.5:4.5 

:1.6:4.6 

:1.5:4.6 

:1.5:4.5 

:1.5:4.6 

:1.5:4.6 

: 1.5:4.5 

: 1.5:4.5 


1,020(3' 
750(2 
737(2 


2 
2 

'2! 

2 
'2 
2 
'2 
2 

672(2 

1,880(2 

1,345(2 

1,250  (2 

980(2 


666 
642 1 
605 
605 
920 
787 
715 


980 

915 

975 

755 

670 

840 

678 

998 

945 

822  ,_. 

966(2 

828(3 

—  ,2! 
2,060(2 
1,490  (2 
1,145  (2, 

845(2 


1,090(3' 

1,165  (2 

1,015  (2 

850(1 

675  (2 

900(2 


1,225(2) 

i^'(: 

1,230  ( 


1,370(2] 

"  "^  (; 


1,010  (2: 
995 

912  (3 

975  (3 

888(3 

772(2] 

2,366(2 

1,560(1 

1,768  (2 

1,170  (3 


1,160 

1,005 

1,100 

1,010 
940 

1,010 
888(2] 
672  (2 


1,253(3 
1,142  (2 

961 

750 
1,120 


1,855(2] 
1,585^"* 
1,035 


i 


1, 

1,370 

1,290 

1,175 

990 

911 

738 

648 


1,342 
1,222 

1,082 

1,040 

1,040 

904 

2,185 

1,796 

1,925 

1,065  (2 

1,920(2 

2,420  (2 

2,750  (2 

2,160  (3l 

2,020 

1,055 

1,815 

1,385 

1,948 

i,no 

1,290 
1,057 


1,965  (3; 
1,715  (2 
1,690  (2 
1,400  (2 
995(2 
1,535(2 
1,030  (2 
1,705  (2 
1,830  (3 
1,626  (2 
1,406  (2 
1,380(2 
1,116  (2^ 
2,670(2] 
2,330(2 
2,366(2 
1,485 
3,280 
3,430 
3,270 
2,820 


2,170  (3 
1,580(3 
1,835  (2. 
1,440  (3 
1,146  (3 
1,670  (3 
1,120  (3 
1,890(2 
2,410  (3 
l,n5  (3 
1,490(3 
1,382(3 
1,230(3 
2,950  (2 
2,250  (2 
2,760 
1,625 
3,350 
3,390 
3,110 
3,020 


2,205 
1,900 
1,965 
1|585(2) 


1,975(2) 


2,300(2) 
2,250  <2) 
1,805  0 
1,480(3) 
1,680(3) 
1430(2) 
2,850(2) 
2,700(2) 
2300(2) 
1,568(2) 
8,370(2) 
8,130(2) 
3,160(2) 


NoTE.—Fimues  in  parentheses  indicate  nmnber  of  specimens  tested.    Oravel  used  as 
in  Nos.  479, 480, 481, 482, 796, 797, 798, 799.   Crushed  gneiss  used  in  all  other  tests. 

TIMB   OP  SETTINa   OP  PORTLAND  CEMENT. 

Table  8. — Effect  of  oil  on  time  of  setting. 


coarse  aegreeate 


on  No.  4923. 

Pcropnt 
of  on. 

Initial  set. 

Final  set 

0 

f 

10 

H.m. 
1    18 
1    31 

1  57 

2  27 

H.m, 

3  43 

4  56 
6    27 
6    57 

The  time  of  setting  is  delayed  with  the  addition  of  oil,  as  shown 
by  the  above  tests,  which  are  plotted  on  jSgure  4.  These  results 
were  obtained  with  the  GiUmore  needles  on  specimens  subjected  to 
identical  conditions  while  hardening.  Five  per  cent  of  oil  delays 
the  initial  set  by  50  per  cent  and  the  final  set  by  47  per  cent. 

TOnOHNBSS  OR  RE8I8TANCB  TO  DCPAOT. 

The  toughness  or  resistance  to  impact  was  tested  on  the  Page 
impact  machine  under  the  blows  of  a  10-kilogram  hammer  falling  on 
a  5-kilogram  plunger  from  successively  increasing  heights  of  1  centi- 
meter. The  height  of  the  blow  causing  failure  corresponds  to  the 
nimiber  of  blows.    The  end  of  the  plunger  in  contact  with  the 
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specimen  is  spherical  in  shape,  with  a  radius  of  3  centimeters.  Speci- 
mens 6  inches  in  diameter  and  6  inches  high  were  tested  after  first 
bedding  them  in  plaster  of  Paris  before  mounting  on  the  anvil  of  the 
machine.  The  following  results  show  that  the  toughness  of  concrete 
is  very  little  influenced  by  the  addition  of  a  small  amoimt  of  oil  to 
the  mixture: 

Table  9. — Number  of  blows  required  to  produce  failure. 


1:3:5  concrete. 

13.-6  concrete. 

Percent 
of  oil 

No.  4023. 

Air- 

Water- 

Air- 

Water- 

cured. 

cored. 

cured. 

0 

18 

15 

15 

21 

2i 

15 

33 

14 

18 

5 

23 

20 

15 

20 

10 

13 

20 

12 

21 

15 

14 

20 

13 

16 

A  view  of  the  impact  machine  with  a  specimen  imder  test  is  shown 
in  Plate  V. 


STIFPNESS  OB  MODXJLUS  OP  ELASTICITY. 


For  testing  the  effect  of  oil  on  the  stiffness  of  concrete,  specimens 
8  inches  in  diameter  and  16  inches  high  were  made.  The  defonna^ 
tions  imder  various  loads  were  measured  with  a  double  micrometer- 
screw  compressometer  of  the  type  described  by  J.  M.  Porter  in  the 
Proceedings  of  the  American  Society  for  Testing  Materials,  Volume 
X,  1910.  Loads  were  appUed  in  2,500  and  5,000  poimd  increments 
and  were  released  to  500  poimds  after  each  increment  of  5,000  poxmds, 
and  deformation  readings  were  taken  for  permanent  set.  Typical 
stress  deformation  and  permanent  set  curves  are  shown  in  figure  5. 
In  all  cases  the  initial  modulus  of  elasticity  was  obtained  from  the 
slope  of  the  stress-strain  curve  at  its  origin.  A  view  of  a  specimen 
mounted  in  the  testing  machine  with  compressometer  attached  is 
shown  in  Plate  VI. 

Table  10. — Initial  modulus  of  elasticity  {age  ^8  days). 


Per  cent  of 

oU 

No.  4923. 

1:3: 5  concrete. 

1 :  3r  6  coDoretB. 

Air-cured. 

Water-cured. 

Air-cured. 

Water-coied. 

0 

f 

10 
15 

1,300,000 
1,350,000 
1,250,000 
1,700  000 
1,800,000 

2,650,000 
2,700,000 
2,350,000 
3,950,000 
2,500,000 

1,300,000 
1,000,000 

850,000 
1,150,000 

730,000 

2,200,000 
2,400,000 
1,900,000 
1,900,000 
2,050,000 

The  above  results  show  that  oil  has  Uttle  effect  on  the  stiffness  of 
concrete.    The  increased  value  of  the  modulus  of  elasticity  of  the 
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water-cured  over  the  air-oured  specimens  is  as  marked  in  the  oil- 
mixed  as  in  the  plain  specimens.  Tests  at  one  year,  although  not 
here  recorded,  show  that  oil-mixed  concrete  gains  as  much  in  stifiEness 
with  age  as  the  plain  concrete  does. 

ABSORPTION. 

The  resistance  of  concrete  to  the  penetration  of  moisture  is  meas- 
ured by  its  absorptive  qualities.  To  test  the  absorption  of  oil-mixed 
concrete  compared  with  plain  concrete,  cylindrical  specimens  6  inches 
in  diameter  and  6  inches  high  were  dried  to  constant  weight  in  an 
oven,  after  being  cured  for  15  days  in  air.  They  were  then  immersed 
in  water  and  weighed  from  time  to  time.  The  results  of  these  tests 
are  plotted  on  jSgure  6.  It  wiU  be  seen  that  the  oil  greatly  decreases 
the  percentage  of  absorption;  the  cylinder  containing  10  per  cent  of 
oil  absorbed  1.7  per  cent  of  water,  based  on  the  dry  weight,  while  the 
cylinder  containing  no  oil  absorbed  6.25  per  cent. 

PBRMBABILITT. 

To  investigate  permeability,  specimens  3  inches  in  thickness  and  6 
inches  in  diameter  were  molded  with  a  surrounding  ring  of  1 : 1  mor- 
tar. Before  testing,  the  top  and  bottom  surfaces  were  chipped  off 
m  order  to  eliminate  the  waterproofing  effect  of  the  rich  surface 
layers.  Plain  1 : 3  mortar  at  the  age  of  28  days  imder  30  poimds' 
{ffessure  became  damp  after  half  an  hour.  Under  40  pounds'  pres- 
sure the  leakage  amounted  to  146  cubic  centimeters  after  24  hours' 
application.  Specimens  containing  5  and  10  per  cent  of  oil  No.  4923 
remamed  perfectly  tight  imder  40  potmds'  pressure. 

AU  permeability  specimens  made  of  gravel  concrete  and  contain- 
ing admixtures  of  oil  have  remained  perfectly  tight  imder  40  poimds' 
pressure  per  square  inch.  Some  of  the  plain  gravel  specimens  made 
to  compare  with  the  oil-mixed  specimens  leaked,  while  others  re- 
mamed tight.  Broken-stone  concrete  made  with  a  very  inferior  grade 
of  crushed  gneiss  is  not  perfectly  water-tight  imder  pressure  at  early 
periods. 

Even  this  inferior  grade  of  concrete,  however,  tends  to  become 
much  less  permeable  at  later  periods.  The  results  of  all  permeability 
tests  seem,  however,  to  indicate  that  the  resistance  to  water  pressure 
is  dependent  more  on  the  care  used  in  proportioning  and  mixing  the 
specimens  than  upon  the  addition  of  any  extraneous  waterproofing 
materials. 

BOND  TESTS. 

To  determine  the  adhesion  of  oil-mixed  concrete  to  steel  reinforce- 
ment, bond  tests  were  made  on  specimens  mixed  in  the  proportions 
of  1:2:4  and  containing  various  percentages  of  oil  Rods  12  inches 
long  were  embedded  in  the  center  of  cylinders  8  inches  in  diameter 
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and  8  inches  long.  The  test  consisted  in  pushing  the  rods  through 
the  concrete,  and  the  point  of  failure  was  taken  at  the  drop  of  the 
scale  beam. 

Two  kinds  of  bars  were  used — ^plain  and  deformed.  All  specimens 
were  tested  at  28  days,  and  the  results  are  plotted  on  figure  7.  The 
bond  strength  is  decreased,  and  the  decrease  depends  directly  on 
the  quantity  of  oil  in  the  mixture.  It  is  evident  that  the  bond 
between  plain  bars  and  concrete  is  so  seriously  affected  by  the  mixture 
of  oil  that  it  would  be  inadvisable  to  use  such  a  combination.  The 
bond  of  deformed  bars  is  not  so  seriously  affected,  but  is  somewhat 
decreased  by  the  oil  admixture. 

SUMMARY  OF  CONCLUSIONS. 

The  following  conclusions  as  to  the  effect  of  the  oils  used  in  cement 
and  concrete  may  be  drawn  from  the  foregoing  investigations: 

(1)  The  tensile  strength  of  1:3  oil-mixed  mortar  is  very  little 
different  from  that  of  plain  mortar,  and  shows  a  substantial  gain 
in  strength  at  28  days  and  at  6  months  over  that  at  7  days. 

(2)  The  times  of  initial  and  final  set  are  delayed  by  the  addition 
of  oil;  5  per  cent  of  oil  increases  the  tijne  of  initial  set  by  50  per  cent 
and  the  time  of  final  set  by  47  per  cent. 

(3)  The  crushing  strength  of  mortar  and  concrete  is  decreased  by 
the  addition  of  oil  to  the  mix.  Concrete  with  10  per  cent  of  oil  has 
75  per  cent  of  the  strength  of  plain  concrete  at  28  days.  At  the  ago 
of  1  year  the  crushing  strength  of  1 : 3  mortar  suffers  but  little  with 
the  addition  of  oil  in  amounts  up  to  10  per  cent. 

(4)  The  toughness  or  resistance  to  impact  is  but  slightly  affected 
by  the  addition  of  oil  in  amounts  up  to  about  10  per  cent. 

(5)  The  stiffness  of  oil-mixed  concrete  appears  to  be  but  little 
different  from  that  of  plain  concrete. 

(6)  Elasticity. — ^Results  of  tests  for  permanent  deformation  indi- 
cate that  no  definite  law  is  followed  by  oil-mixed  concrete. 

(7)  Absorption. — Oil-mixed  mortar  and  concrete  containing  10 
per  cent  of  oil  have  very  little  absorption  and  imder  low  pressures 
both  are  waterproof. 

(8)  Permeability. — ^While  the  laboratory  tests  to  determine  the 
waterproofing  qualities  of  oil-cement  concrete  have  not  given  imiform 
results,  those  made  on  oil-mixed  cement  mortar  containing  10  per  cent 
of  oil  have  shown  that  such  mortar  is  practically  waterproof  under 
pressures  as  high  as  40  pounds  per  square  inch.  All  the  tests,  whethOT 
in  the  laboratory  or  in  construction  work,  indicate  that  oil-mixed 
mortar  is  very  effective  as  a  waterproofing  agent  imder  low  pressures, 
when  plastered  on  either  side  of  a  porous  concrete  or  masonry  walL 

(9)  The  bond  tests  show  the  inadvisabihty  of  using  plain  bar 
reinforcement  with  oil-concrete  mixtures.     ITie  bond  of  deformed 
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Impact  Test  on  Oil- Mixed  Concrete, 
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Testing  the  Strength  and  Elasticity  of  Oil-Mixed  Concrete. 
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bars  is  not  seriously  weakened  by  the  addition  of  oil  in  amounts  up  to 
10  per  cent. 

Note. — A  public  patent  Itaa  been  granted  for  mixing  aU  wUh  Part- 
land  cement  concrete  and  Ttydravlic  cements  giving  an  aOcdHne  reaction, 
and  tJierefore  amyone  is  at  liberty  to  use  this  process  wiOiout  the  pay- 
ment  of  royalties. 

Caotloiiv— TheaddllioBof  any  waterpraoOnc  or  dMM»iffttilt  wgmi  to  went  wamrtmt  or  c— cwito  im 
▼•IimIom  ■wIwoo  oztremo  care  le  oierdeed  in  preportioalag,  la  mizlag,  mad  la  pie  ring  the  c 
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RECENT  STUDIES  OF  THE  MEXICAN  COTTON 
BOLL  WEEVIL. 

By  B.  R.  CoAD,  Entomological  Assiitant,  Southern  Field  Crop  Insect  Investigations. 
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INTRODUCnON. 

The  cotton  season  of  1913  was  of  great  importance  in  the  study 
of  the  boll  weevil,  AntJum- 
omusgrandis  Boh.,  because 
ofseveralopportunediscov- 
eries.  Briefly,  the  events 
of  the  year  were  the  dis- 
covery, by  Mr.  O.  F.  Cook, 
of  the  cotton  boll  weevil 
breeding  upon  a  wild- 
cotton  plant,  Thurheria 
ihespesioideSf  in  Arizona; 
the  establishment  of  breed- 
ing work  at  Victoria,  Tex., 
for  the  pmrpose  of  study- 
ing any  chimges  in  the  life 
history  of  the  weevil;  the 
discovery  by  the  writer  of 
important  food  adapta- 
tions of  the  weevil;  ex- 
plorations of  southeastern 
Arizonaby  Dr.  A.  W.  Morrill 
Mid  Mr.  W.  D.  Pierce  in 
August,  by  Mr.  Vernon  Bailey  later  in   the  fall,  and  by  Messrs. 

Nor.— This  bulletin  is  of  interest  to  entomologists  in  the  cotton  belt. 
80032*— Bon.  231—15 1 


Fio.  1.— Distribution  of  the  Mexican  cotton  boll  weevil.  The 
shading  shows  the  infested  area;  tho  heavy  lines,  the  limits 
of  cotton  production;  the  broken  line,  the  probable  distribu- 
tion of  the  Arisona  wild  cotton  weevQ.    (Original.) 
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E.  A.  Schwarz  and  H.  S.  Barber  in  December,  1913.  The  results 
of  the  explorations  and  research  work  are  quite  fully  treated  in  the 
body  of  this  article. 

Mr,  Cook's  announcement,  which  was  published  in  February,  1913,^ 
was  followed  by  departmental  press  notices  issued  in  October  of  the 
same  year,  and  by  a  detailed  article  by  Mr.  W.  D.  Pierce  describing 
the  Arizona  weevil  as  a  new  variety,  AnthoTiomus  grandis  var.  thur- 
herix,  issued  November  10,  1913.^ 

A  paper  by  the  author  on  the  food  habits  of  the  boll  weevil  in 
Texas  has  recently  been  published.' 

This  bulletin  deak  with  a  number  of  rather  technical  experiments 
and  observations  which  have  important  bearings  on  the  general  boU- 
woevil  problem.  The  principal  matters  dealt  with  arc,  first,  the  exact 
relation  between  the  typical  boU  weevil,  Anthonomus  grandis  Boh., 
and  the  form  A.  grandis  thurberix  Pierce,  which  has  recently  been 
found  attacking  a  cottonlike  plant  in  Arizona;  and,  second,  the 
changes  in  the  habits  of  the  boll  weevil  which  have  taken  place  since 
it  first  entered  the  United  States. 

The  importance  of  the  first  point  mentioned  lies  in  the  fact  that  the 
western  form  of  the  boll  weevil  has  adapted  itself  to  life  under  ex- 
tremely arid  conditions,  in  which  respect  it  differs  conspicuously  from 
the  typical  boU  weevil.  It  therefore  appears  that  the  western  weevil 
might  thrive  in  the  drier  portions  of  Texas,  where  the  typical  weevil 
has  not  been  able  to  establish  itself,  and  thus  reduce  the  production  of 
cotton  in  a  large  area  which  has  been  depended  upon  to  offset  the  loss 
caused  by  the  boU  weevil  in  more  humid  regions.  Consequently, 
exact  knowledge  regarding  the  life  history  and  habits  of  the  Arizona 
weevil  and  its  relation  to  the  typical  weevil  are  of  importance. 

The  second  matter  dealt  with  in  this  bulletin,  namely,  the  extent  to 
which  the  boU  weevil  has  changed  its  habits  since  it  has  been  in  the 
United  States,  is  of  great  practical  importance.  More  than  10  years 
ago  a  careful  study  of  the  habits  of  the  typical  boU  weevil  was  made  at 
Victoria,  Tex.  TTie  present  manuscript  deals  with  similar  studies  just 
completed  at  the  same  place.  These  studies  give  an  exact  basis  for 
estimating  the  extent  of  the  departure  from  the  original  habits  and 
serve  to  bring  greater  accuracy  into  predictions  as  to  the  ultimate 
nature  of  the  boU-weevil  problem  in  the  United  States. 

DISTRIBUTION. 

The  discoveries  of  the  year  have  added  to  the  present  knowledge  of 
the  distribution  of  the  species.     On  the  accompanying  map  (fig.  1) 

1  Cook,  O.  F.  A  wfld  host-plant  of  the  boll  weevil  in  Arizona.  Science,  n.  a.,  v.  27,  no.  046,  p.  260-261, 
Feb.  14, 1913. 

>  Pieroe,  W.  D .  The  occurrence  of  a  cotton  boll  weevil  in  Arixona.  U.  S.  Dept.  Agr. ,  Jour.  Agr.  Researdi, 
V.  1,  no.  2,  p.  80-06,  Nov.  10, 1913. 

*  Coed,  B.  R.  Feeding  habits  of  the  boU-weevil  on  plants  other  than  cotton.  U.  8.  Dept.  Agr.,  Jour. 
Agr.  Research,  v.  2,  no.  3,  p.  235-245,  June,  1914. 
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it  will  be  seen  that  there  are  three  apparent  lines  of  distribution  of  the 
species,  with  Costa  Rica  as  the  apex.  One  line  of  distribution  is  along 
the  Pacific  slope,  and  although,  according  to  present  knowledge,  the 
Arizona  infestation  is  isolated  from  that  of  Sinaloa,  Mexico,  it  is  prob- 
able that  the  weevil  occurs  on  Thurheria  thespesioides  in  the  moun- 
tains between  these  points.  The  Thurberia  plant  is  known  from 
Chihuahua  and  Guadalajara,  Mexico,  which  latter  locality  is  within  a 
few  miles  of  weevil-infested  cotton. 

The  dispersion  following  the  middle  line  is  historic.  Since  1880 
this  movement  has  been  watched  more  or  less  thoroughly  from 
Tamaulipas,  Nueva  Leon,  and  Coahuila,  Mexico,  imtil  now  (1914) 
it  has  reached  the  Georgia  line  (fig.  1). 

The  third  line  of  distribution  from  Mexico  through  Yucatan  to 
central  Cuba  is  the  cause  of  considerable  speculation  as  to  whether 
Cuba  or  the  continent  was  the  original  source.  There  is  also  some 
speculation  as  to  whether  the  Central  American  infestation  furnished 
the  nucleus  for  the  dispersion  or  whether  the  weevil  originated  in 
southern  Mexico  and  dispersed  southward. 

FOOD  PLANTS. 

The  plant  longest  known  as  the  food  plant  of  the  boll  weevil  is 
cotton,  of  which  several  species  are  now  recorded  as  hosts — Oossy- 
pium  hirsviunif  0.  Tt^rbaceunij  6.  barbadenae,  6.  brasUiense,  and  also 
several  Mexican  species. 

Mr.  Cook's  announcement  added  as  a  native  food  plant  the  so- 
caUed  Arizona  wild  cotton,  Thurberia  thespesiaides,  which  grows  in  a 
number  of  mountain  ranges  in  southeastern  Arizona,  and  also  in 
parts  of  Mexico  and  probably  New  Mexico. 

During  the  summer  of  1913,  following  the  discovery  of  a  boll  weevil 
feeding  on  cultivated  Hibiscus  syriacus  at  Victoria,  Tex.,  the  writer 
succeeded  in  rearing  the  species  on  buds  of  this  plant,  fed  them  for 
some  time,  and  noted  the  partially  complete  development  in  buds 
of  CaOirrholi  invducrata  and  C.  pedata,  and  kept  them  alive  on  SpJix- 
rdlcta  lindheimeri  buds  for  a  short  period. 

In  the  above  series  of  experiments,  by  alternating  foods  it  was 
foimd  that  the  weevils  have  a  wide  range  of  hitherto  unsuspected 
adaptability.  This  discovery  makes  the  presence  of  malvaceous 
plants  in  the  vicinity  of  cotton  a  possibly  important  factor  in  the 
ultimate  control  of  the  species.  The  greatest  importance  of  this  fact 
would  arise  in  any  attempted  cessation  of  cotton  planting  as  a  control 
measure  against  the  species. 

CHOICE  OF  FOOD  PLANT. 

Two  male  and  two  female  boll  weevils  reared  from  Thurberia  buds 
imported  from  Arizona  were  placed  with  Thurberia  buds  and  with 
cotton  squares  to  test  their  food  preference.    They  b^an  feeding 
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immediately  on  both  foods,  but  usually  fed  slightly  more  on  tho  cot- 
ton squares  than  on  the  Thurberia  buds.  When  egg  deposition 
started  the  greater  number  of  the  eggs  were  deposited  in  cotton 
squares.    These  observations  were  continued  for  15  days. 

From  these  experiments  it  would  appear  that,  when  in  captivity, 
weevils  reared  from  Thurberia  will  feed  on  cotton  squares  just  as 
readily  as  they  will  on  Thurberia  buds.  The  slightly  greater  amount 
of  feeding  on  cotton  squares  in  this  experiment  may  or  may  not 
have  any  significance,  and  it  was  probably  purely  accidental. 

These  records  made  in  the  laboratory  are  in  strong  contrast  with 
those  made  in  the  field.  At  Victoria  the  Thurberia  plants  iinder 
cultivation  were  witliin  50  feet  of  a  small  patch  of  cotton.  This 
cotton  was  heavily  infested  by  weevils  throughout  the  season  and 
not  a  boll  was  able  to  reach  maturity.  On  the  other  hand,  althougli 
tho  Thurberia  plants  were  just  as  much  exposed  as  the  cotton,  not  a 
single  indication  of  weevil  work  was  found  on  the  plants  and  not  a 
weevil  was  found  on  them. 

In  Stone  Cabin  Canyon,  Santa  Rita  Mountains,  Ariz.,  Mr.  W.  D. 
Pierce  was  unable  to  find  a  weevil  on  cotton  plants  growing  within 
10  feet  of  Thurberia  plants  which  were  heavily  infested  with  weevils. 
In  December  this  same  cotton  was  examined  by  Messrs.  Schwarz 
and  Barber  and  they  were  unable  to  find  a  sign  of  weevil  work  in  the 
bolls.' 

In  this  connection  records  made  on  the  habits  of  larvae  of  the  cotton 
leafworm  {Alabama  argUlacea  Hubn.)  are  of  interest.  These  larvae  are 
almost  exclusively  cotton  feeders,  but  in  the  laboratory  tests  they 
fed  on  the  Thurberia  leaves  as  readily  as  on  cotton  when  both  were 
offered  and  were  able  to  pupate  and  reach  maturity  on  this  food. 
In  Stone  Cabin  Canyon  this  species  was  found  feeding  on  Thurberia 
plants.  The  species  was  common  on  cotton  at  Tucson  and  Phoenix, 
Ariz.  At  Victoria,  Tex.,  this  species  acted  exactly  as  did  the  native 
weevils,  with  relation  to  the  cotton  and  Thurberia  patches.  The 
cotton  was  heavily  infested  and  only  preserved  from  destruction  by- 
spraying,  but  not  a  single  leafworm  larva  was  ever  found  on  the 
Thurberia  plants.  The  moths  were  very  numerous  for  a  considerable 
period  and  eggs  were  abundant  on  the  cotton,  whereas  careful 
examination  failed  to  show  an  egg  on  the  Thurberia  plants. 

CHARACTERISTICS  OF  THE  ADULT. 

DESCRIPTION  OF  THE  SPECIES. 

Owing  to  the  recent  studies  on  the  variations  of  this  species  it 
becomes  necessary  to  reconstruct  the  descriptions  given  by  Boheman 

1  Experiments  during  1914  in  Arizona  ^ve  proven  that  the  Thnrberia  weevils  will  attack  growing 
cotton. 
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and  Dietz  in  order  to  include  all  variations.     These  descriptions  are 
ihe  joint  work  of  Mr.  W.  D.  Pierce  and  the  writer: 

Anthonomus  grandia  Boheman.  [Redeecribed.] — Stout,  subovate  to  ovate,  ma- 
hqgany  red  to  piceous  and  clothed  with  coarae  baryta-yellow  to  raw  sieima  pubescence. 
Beak  long,  slender,  shining,  and  sparsely  pubescent  at  the  base;  more  or  less  dis- 
tinctly striate  to  about  the  middle;  apical  half  finely  and  remotely  punctured;  the 
I  beak  of  the  female  is  slightly  longer  and  more  slender  than  that  of  the  male,  more 
\8hiiiing,  and  less  coarsely  punctured  and  striate.  The  female  antennse  are  inserted 
at  about  two-fifths  of  the  distance  from  the  apex  of  the  beak  to  the  eyes,  while  the 
male  antennae  are  inserted  at  one-third  the  distance  from  the  apex.  Antennae  slender; 
second  joint  of  funicle  longer  than  the  third;  joints  3-7  equal  in  length,  but  becoming 
gndnally  wider.  The  club  may  or  may  not  be  concolorous  with  the  funicle  and  is 
more  or  less  distinctly  annulate.  Head  conical,  pubescent,  coarsely  but  remotely 
pnnctoied,  front  foveate.  Eyes  moderately  convex,  posterior  margin  not  free. 
Ptothorax  about  one-third  wider  than  long;  base  feebly  bisinuate,  posterior  angles 
more  or  less  rectangular;  sides  almost  straight  from  base  to  middle,  or  slightly  con- 
verging, strongly  rounded  in  front;  apex  sometimes  constricted  and  transversely 
hnprcBDcd  behind  the  anterior  margin;  surface  moderately  convex,  densely  and 
aometimes  subconfluently  punctured;  punctures  irregular  in  size,  sometimes  coarser 
about  the  sides;  pubescence  variable,  often  denser  along  the  median  line  and  on  the 
aides.  Scutdlum  variable.  Elytra  oblong,  scarcely  wider  at  the  base  than  the 
protbofax;  sides  convex  or  subparallel  for  two-thirds  of  their  length,  thence  gradually 
narrowed  to  and  separately  rounded  at  apex,  leaving  the  pygidium  moderately 
exposed;  strise  deep,  punctures  large  and  approximate;  interstices  convex,  rugulose, 
pubescence  somewhat  condensed  in  spots.  L^  rather  stout,  femora  clavate,  anterior 
always  stiongly  bidentate,  inner  tooth  long  and  strong,  outer  one  variable  in  shape 
but  connected  with  former  at  base;  middle  and  posterior  femora  imidentate  or 
bidentate.  Tibiae  moda^ately  stout,  more  or  less  bisinuate  internally;  tarsi  moderate, 
daws  broad,  blackish,  and  rather  widely  separated;  tooth  almost  aei  long  as  claw. 
L^igth  firom  2.3  to  6.75  mm.;  width  from  1.1  to  3.6  mm. 

AnthonomuB  grandU  Boheman.  [Typical  variety.}— Stout,  subovate,  almost  pice- 
oos,  and  clothed  with  coarse,  baryta-yellow  pubescence.  Beak  long,  slender,  shining, 
and  sparsely  pubescent  at  base;  more  or  less  distinctly  striate  to  about  the  middle; 
lineal  half  finely  and  remotely  punctured;  the  beak  of  the  female  is  slightly  longer 
and  more  slender  than  that  of  the  male,  more  shining,  and  less  coarsely  punctured  and 
striate;  the  female  antennae  are  inserted  at  about  three-fifths  of  the  distance  from  the 
apex  o^  the  beak  to  the  eyes,  while  the  male  antennae  are  inserted  at  one-third  of  the 
distance  from  the  apex.  Antennae  slender,  second  joint  of  the  funicle  longer  than  the 
third;  joints  3-7  equal  in  length,  but  becoming  gradually  wider;  concolorous  through- 
out, usually  mahogany  red;  club  rarely  distinctly  anniilate  and  usually  with  only  the 
iaintest  tzaces  of  whitish  hairs  on  the  apical  margins  of  the  first  two  joints.  Head 
conical,  pubescent,  coarsely  but  remotely  punctured,  front  foveate.  Eyes  moder- 
aC^y  convex,  posterior  margin  not  free.  Prothorax  about  one-third  wider  than  long, 
base  feebly  bisinuate,  posterior  angles  more  or  less  rectangular;  sides  usually  almost 
stnJ^t  horn  base  to  middle,  or  slightly  converging,  strongly  rounded  in  front;  apex 
sometimes  constricted  and  transversely  impressed  behind  the  anterior  margin;  surface 
modeistely  convex,  densely  and  sometimes  confiuently  punctured;  punctures  irregu- 
lar ID  aixe,  Bometimee  coarser  on  the  sides;  pubescence  condensed  in  a  sharply  defined 
gyi^TO"  vitta  distinct  from  base  to  apex,  also  denser  on  sides.  Scutellum  narrow, 
eloiig^iAe,  convex,  usually  cylindrical,  rounded  oblong.  Elytra  oblong,  scarcely 
wider  at  base  than  the  protiiorax;  sides  subparallel  for  two-thirds  of  their  length,  thence 
gEftdtially  narrowed  to  and  separately  rounded  at  apex,  leaving  the  pygidium  moder- 
astely  exposed;  striae  deep,  punctures  large  and  approximate;  interstices  convex,  nigu- 
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lose,  pubescence  somewhat  condensed  in  spots.  Legs  rather  stout,  femora  clavate, 
anterior  strongly  bidentate,  inner  tooth  long  and  strong,  outer  one  variable  but  con- 
nected with  former  at  base;  middle  femora  unidentate  in  male,  rarely  with  minute 
second  tooth  in  female;  posterior  femora  unidentate.  Tibiae  moderately  stout,  mare 
or  leas  bisinxiate  internally;  tarsi  moderate,  claws  broad,  blackish,  and  rather  widely 
separated;  tooth  almost  as  long  as  claw.  I^ength,  from  2.3  to  6.75  mm.;  width,  from 
1.1  to  3.6  mm. 

Anihonomua grandis  thurberiss  Pierce. — Stout,  ovate,  mahogany  red,  and  clothed  with 
coarse,  raw  sienna  pubescence.  Beak  long,  slender,  shining,  and  sparsely  pubescent 
at  base;  more  or  less  distinctly  striate  to  about  the  middle;  apical  half  finely  and 
remotely  punctured;  the  beak  of  the  female  is  slightly  longer  and  more  slender  than 
that  of  the  male,  more  shining  and  less  coarsely  pimctured  and  striate;  the  female 
antennae  are  inserted  at  about  two-fifths  of  the  distance  from  the  apex  of  the  beak  to 
the  eyes,  while  the  male  antennae  are  inserted  at  one-third  of  the  distance  from  the 
apex.  Antennae  slender,  second  joint  of  funicle  longer  than  the  third;  joints  3-7  equal 
in  length  but  becoming  gradually  wider;  the  club  piceous  black,  scape  and  funicle 
mahogany  red;  club  with  apical  margins  of  the  first  two  segments  usually  distinctly 
annulate  with  fine  whitish  hairs.  Head  conical,  pubescent,  coarsely  but  remotely 
pimctured,  front  foveate.  Eyes  moderately  convex,  posterior  margin  not  free.  Pro- 
thorax  about  one-third  wider  than  long;  base  biainuate,  posterior  angles  more  or  leas 
rectangular;  sides  usually  converging  from  near  base  to  apical  third  and  thence  strongly 
convexly  narrowed  to  apex;  apex  sometimes  constricted  and  transversely  impressed 
]>ehind  the  apical  margin;  surface  moderately  convex,  densely  and  sometimes  sub- 
confluently  pimctured,  punctures  irregular  in  size,  sometimes  coarser  about  the  sides; 
pubescence  evenly  distributed;  without  sharply  defined  vittae.  Scutellum  broad, 
subquadrate,  rarely  subtriangular,  flattened.  Elytra  broad,  scarcely  wider  at  the 
base  than  the  protiiorax;  sides  slightly  convex  in  basal  two-thirds,  thence  strongly 
convexly  narrowed  and  separately  rounded  at  apex,  leaving  the  pygidium  moderately 
exposed;  striae  deep,  punctures  large  and  approximate;  interstices  convex,  rugulose, 
pubescence  more  regular  but  slightly  condensed  in  spots.  Legs  rather  stout,  femora 
clavate,  anterior  always  strongly  bidentate,  inner  tooth  long  and  strong,  outer  one 
variable  in  shape  but  connected  with  former  at  base;  middle  femora  bidentate;  poste- 
rior femora  almost  always  unidentate.  Tibiae  moderately  stout,  anterior  and  median 
bisinuate  internally,  posterior  straight;  tarsi  moderate,  claws  broad,  blackish,  and 
rather  widely  separated,  tooth  almost  as  long  as  claw.  Length,  from  2.5  to  6.7  mm.; 
width,  from  1.8  to  3.6  nun. 

LONGEVITY  OP  ADULT  WEEVILS. 

Several  series  of  experiments  were  conducted  to  determine  the  lon- 
gevity of  the  weevils  upon  different  foods.  These  experiments  not 
only  compare  the  two  varieties  of  the  weevil,  but  compare  weevils 
from  Tallulah,  La.,  with  those  from  Victoria,  Tex.;  various  Malvaceae 
with  one  another  and  with  a  diet  of  water  only;  different  parts  of  the 
same  plant;  different  seasons;  and  also  the  two  sexes.  The  data 
obtained  are  presented  in  concise  form  in  Table  I. 
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The  maximum  record  of  longevity  made  in  the  1913  work  is  based 
on  a  specimen  of  Anthonomus  grandis  (hurberise,  extracted  from  its 
hibernation  cell  August  27,  after  at  least  nine  months  in  hibernation, 
which  was  still  alive  when  the  food  supplies  at  Victoria  gave  out, 
October  29.  This  gives  the  maximum  known  period  of  hibernation 
as  270  days,  and  a  total  of  over  333  days  longevity.  The  maximum 
recorded  length  of  life  is  335  days  for  a  hibernated  weevil  at  Tallulah, 
La.,  in  1910.* 

The  maximiun  length  of  life  of  weevils  after  emergence  from 
hibernation  was  73  days  for  males  and  71  days  for  females,  both  of 
which  records  are  far  below  the  highest  previous  records. 

A  true  comparison  of  females  fed  on  blooms  of  Hibiscus  syriacus 
gives  the  average  longevity  of  Arizona  A.  g.  thurherise  as  22.5  days, 
Texas  A.  grwndis  as  16  days,  and  Louisiana  A.  grandis  as  over  27 
days. 

The  grandis  males  averaged  3.47  days  on  water,  5  days  on  SphseraU 
cm  lindheimeriy  7.6  days  on  CaUirrho^  pedataj  17.5  days  on  Hibiscus 
syriacuSf  20  days  on  CaUirrTioe  involucraia,  and  33.2  days  on  cotton, 
while  the  thurberix  males  averaged  27.6  days  on  Hibiscus  syriacus. 

The  grandis  females  averaged  3.32  days  on  water,  5.4  days  on  both 
SphsrcUcea  lindheimeri  and  CaUirrTioe  pedaiaj  19.2  days  on  Hibiscus 
syriacus f  and  34.3  days  on  cotton,  while  the  ih/wrberise  females  averaged 
25.5  days  on  Hibiscus  syricums. 

The  greater  longevity  of  weevils  on  the  same  food  later  in  the 
season  is  very  evident  and  is  due  to  the  advance  of  hibernation 
temperatures. 

Although  the  records  of  life  on  cotton  were  shorter  than  those 
previously  obtained  when  the  totals  are  considered,  it  is  noted  that 
they  agree  quite  well  for  any  given  season.  It  is  evident  that  tem- 
perature and  humidity  exercise  considerable  control  upon  the  length 
of  life  on  any  given  food.  The  average  longevity  on  cotton  leaves 
was  11.9  days,  on  boUs  17.2  days,  and  on  squares  42.1  days. 

Adding  these  new  records  to  those  previously  obtained  5,858 
weevils  fed  on  water  only  averaged  10.1  days;  16  weevils  fed  on  cot- 
ton leaves  only  averaged  11.9  days;  226  weevils  fed  on  miscellaneous 
mahraceous  plants  averaged  13.2  days;  92  weevils  fed  on  cotton 
bolls  averaged  19.9  days;  4,353  weevik  fed  on  cotton  foliage  aver- 
aged 24.5  days;  and  147  weevils  fed  on  cotton  squares  averaged  59.5 


Comparing  the  sexes  irrespective  of  food  in  all  experiments  hitherto 
conducted  4,226  males  averaged  17.7  days,  and  3,624  females 
averaged  18.5  days. 

*  The  longavHy  records  of  1913  have  been  greatly  exceeded  during  1014  in  experiments  conducted  at 
Washington,  D.  C.  Weevils  have  been  kept  in  a  dormant  state  lor  over  a  year,  and  give  promise  of  living 
ttiuid«ably  longer. 
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It  is  important  to  note  that  the  maximum  longevity  on  water  was 
6  days,  on  Sphseralcea  lindheimeri  15  days,  on  CaUirrhoe  involucrata 
20  days,  on  C.  pedata  26  days,  on  Hibiscus  syrUuus  43  +  days,  and  on 
cotton  74  days. 

SEX  OP  ADULTS. 

The  material  studied  during  the  year  was  all  sexed  and  the  records 
have  been  tabulated  to  show  the  seasonal  abundance  and  for  com- 
parison of  the  varieties  (Table  II). 

Table  II. — Relative  proportions  of  the  sexes  of  boll  weevils. 


Variety  and  deacrlption  of  material. 


Male. 


Number.  Percent. 


Femato. 


Number.  Percent. 


Orandis: 

Hibernated  weevils 

First  generation  collected 

Collected  in  August 

Bred 

Total  and  average 

Tkurberim: 

Collected  in  August 

Bred  from  Thurberia  bolls  in  September 

Bred  from  cotton  in  the  Call 

Extracted  from  Thurberia  bolls,  March,  1914 

Total  and  average 

Hybrids: 

e  ThurberixX9ffrandi8 

Second  generation 

Not  positive  crosses 

d€tnndi8X  9  tkurberim 

Second  generation 

Not  podtive  crosses 

Total  and  average 

Total  and  average  all  weevils 


674 

73 

158 

667 


67.88 
53.3 
62.0 
62.6 


319 
64 
97 

600 


82.13 
46.7 
38.0 
47.4 


1,462 


60.8 


980 


4a2 


51.3 

6ao 

C2.6 
57.7 


48.7 

5ao 

37.5 
42.9 


123 


66.9 


95 


43.1 


22 
21 
135 
11 
15 
20 


60.4 
42.0 
51.0 
45.8 
57.7 
61.3 


224 


6a7 


1,809 


58.3 


15 
29 
130 
13 
11 
19 


4a9 
58.0 
40.0 
54.S 
4X9 
48.7 


217 


49lS 


1,292 


41.7 


Separating  this  material  into  hibernated  and  spring  or  summer 
bred  weevils,  there  are  in  the  hibernated  material  777  males  and  402 
females,  or  65.9  per  cent  males  and  34.1  per  cent  females,  while  the 
spring  and  summer  bred  weevik  numbered  1,032  males  and  890 
females,  or  53.6  per  cent  males  and  46.4  per  cent  females. 

The  total  of  all  records  to  date  gives  8,826  males  and  6,710  females, 
or  56.7  per  cent  males  and  43.3  per  cent  females. 

It  is  noticeable  that  there  is  a  lai^er  percentage  of  females  in  the 
variety  thurberisd  and  in  the  hybrids  than  in  the  variety  grandis. 

REPRODUCTION. 

RELATION  OF  FOOD  TO  COPULATION. 

To  test  the  period  from  emergence  to  copulation,  a  number  of  lots 
of  males  and  females  of  the  variety  A.  grandia  were  separated  by 
sexes  immediately  after  emergence  and  placed  on  either  cotton 
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squares,  leaves,  or  bolls.  In  each  lot  the  weevils  were  paired  off 
together  for  a  few  hours  daily  while  under  dose  observation.  As 
soon  as  a  pair  copulated  they  were  removed  from  the  lot  and  the 
remainder  tested  imtil  they  either  copulated  or  died.  In  this  copu- 
lation series  23  pairs  of  weevils  fed  on  squares,  2  pairs  fed  on  bolls,  and 
1  pair  fed  on  leaves  copulated.  These  figures  are  of  more  value  when 
taken  in  relation  to  the  number  of  pairs  of  weevils  that  refused  to 
copulate  before  death  on  the  different  foods.  This  relation  is  shown 
in  Table  III. 

Table  III. — Relative  proportion  ofhoU  weevils  copulating  on  different  foods. 


Food. 

Number  pain 

of  weevils 

carried  to 

either  copula- 

tion  or  death. 

Number 

paira 
copulated. 

Cotton gnnarw ,  ... ..    . 

38 

8 
8 

23 
2 
1 

Percent. 
60 

CMtonlMUs 

25 

OottoQ  leaves 

12 

From  this  table  it  is  seen  that  copulation  is  unusual  when  the 
weevils  are  fed  strictly  on  either  cotton  bolls  or  leaves. 

AGE  AT  WmCH  FBBTILIZATION  TAKES  PLACE. 

The  length  of  the  period  before  copulation  depends  in  a  large 
measure  upon  the  temperature  as  well  as  upon  the  food.  For  square- 
fed  weevils  this  period  varied  from  3  to  10  days,  with  a  weighted 
average  of  5.8  days. 

In  the  series  of  boll-fed  weevils  only  two  records  were  made  on 
this  period.  Both  of  these  were  in  the  latter  part  of  June  and  were 
6  and  8  days,  respectively,  giving  an  average  of  7  days. 

In  the  leaf-fed  series  only  1  pair  copulated,  and  they  gave  a  period 
of  5  days. 

The  records  on  boD-f ed  and  leaf-fed  weevils  are  too  few  in  number 
to  offer  any  comparison  with  the  length  of  the  period  for  square-fed 
weevils  and  serve  only  to  emphasize  the  difficulty  with  which  the 
life  functions  are  performed  on  these  luinatural  foods. 

The  period  from  emergence  to  copulation  was  not  determined 
exactly  for  the  weevils  fed  only  oil  buds  and  blooms  of  HiMscus 
iyriacuSy  but  some  idea  of  the  period  can  be  secured  from  the  first 
date  the  weevils  were  observed  in  copula  while  making  the  daily 
examination.  Two  pairs  oi  A.  g.  thurherise  were  first  observed  in 
copula  in  6  and  14  days  after  emergence,  while  at  the  same  time 
(September)  two  pairs  of  A.  grandis  were  first  observed  in  copula 
in  9  and  13  days  after  emergence.  These  records  and  the  frequency 
with  which  the  weevils  were  observed  in  copiila  later  show  that  the 
{m>per  element  to  stimulate  copulation  is  present  in  the  food. 
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PERIOD  FROM  FERTILIZATION  TO  OVIPOSITION. 

The  period  from  fertilization  to  oviposition  was  secured  as  a 
continuation  of  the  experiments  described  under  the  period  from 
emergence  to  copiilation.  After  the  females  in  this  series  copu- 
lated once  they  were  placed  on  food  and  watched  for  the  first  ^g 
deposited.  In  this  manner  the  period  was  determined.  In  most 
cases  the  male  was  removed  after  the  first  fertilization,  but  in  a 
few  cases  the  male  was  placed  with  the  female  for  a  short  period 
each  day  and  the  copulation  noted.  In  this  way  as  many  as  five 
copulations  were  noted  for  a  female  before  a  single  e^  was  deposited. 
The  periods  determined  are  noted  according  to  the  food. 

Weevils  fed  on  cotton  squares. — During  June,  July,  and  August  this 
period  was  observed  for  21  females  fed  only  on  squares.  The  period 
ranged  from  1  to  7  days,  with  an  average  of  3.9  days. 

Weemls  fed  on  cotton  hoUs, — Three  pairs  of  boll-fed  weevils  were 
observed  from  first  copulation  to  oviposition.  The  period  for  theee 
weevils  ranged  from  3  to  7  days,  with  an  average  of  5  days. 

Weevils  fed  on  cotton  leaves. — Only  one  pair  of  weevils  started  copu- 
lating when  fed  only  on  cotton  leaves  from  emergence.  This  female 
emerged  July  7  and  copulated  the  first  time  on  July  11.  She  lived 
imtil  July  24  and  copulated  8  times  in  the  interval.     No  eggs  were  laid. 

PERIOD  FROM  EMERGENCE  TO  OVIPOSITION. 

In  the  series  of  typical  grandis  the  period  from  emergence  to  ovipo- 
sition when  on  squares  constantly  varied  from  3  days  to  13  days, 
with  an  average  of  6.1  days  for  the  positive  records. 

With  typical  thurherise  the  three  cases  recorded  ranged  from  3  to  6 
days,  with  an  average  of  4  days.  These  records  are  too  few  in  num- 
ber to  allow  a  positive  comparison  with  those  for  grandis,  but  the 
average  is  just  about  the  same  as  for  the  latter  during  the  same 
period  (early  September). 

Two  pairs  of  progeny  of  female  grandis  by  male  ihurheria^  began 
to  oviposit  in  4  and  7  days  each  or  an  average  of  5.5  days. 

Two  pairs  of  progeny  of  female  thurherise  by  male  grandis  be^an 
to  oviposit  in  5  days  each. 

The  period  from  emergence  to  oviposition  was  observed  with  six 
pairs  of  grandis  fed  only  on  buds  and  blooms  of  Hibiscus  syriacus 
from  matxirity.  Three  of  these  pairs  observed  during  early  June 
varied  from  5  to  6  days,  and  averaged  5.6  days.  The  other  three 
pairs,  observed  during  September,  ranged  from  11  to  18  days,  'with. 
an  average  of  13.6  days. 

This  period  was  also  observed  with  two  pairs  of  thurberi^  on  the 
same  food.  These  began  to  oviposit  in  12  and  16  days,  or  in  an 
average  of  14  days. 
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PERIOD  FROM  FIRST  FEEDING  ON  SQUARES  TO  OVIPOSITION. 

The  period  from  first  feeding  on  squares  to  oviposition  is  shown 
for  hibernated  A,  grandis  females  in  Table  IV. 

Table  IV. — Time  from  first  feeding  on  squares  to  oviposition  for  kibemated  females  of 

A.  grandis.^ 


Collerted, 
May- 

First  fed 

on  squares, 

ICay- 

First  eggs 
de^^ted, 

Period  fed 
on  squares 
to  deposi- 
tion: 

Total  pe- 
riodfrom 
first  fed 
on  leaves 
to  deposi- 
tion. 

8 

8 

8 

8 

10 

Avg.. 

14 
14 
15 
17 
24 

22 
19 
20 
19 
26 

5 
5 
2 
1 

11 

12 
11 
15 

4.2 

8 

1 

12.6 

15 

11 

Ma?: 

Uln 



*  These  weevils  were  collected  in  the  field  before  squares  began  to  form  and  fed  upon  leaves  until  the 
dam  noted  above. 

The  weevils  were  collected  in  the  field  before  any  squares  were 
formed  and  were  fed  only  on  cotton  leaves  until  the  dates  given  for 
placing  on  squares.  It  is  seen  that  the  period  ranged  from  1  to  8 
days  with  an  average  of  4.2  days.  An  interesting  point,  however,  is 
die  fact  that  the  time  from  the  change  from  leaves  to  squares  as  food 
to  the  b^inning  of  oviposition  seems  to  vary  inversely  with  the  time 
fed  on  leaves.  The  totals  of  these  two  periods  or,  in  other  words, 
approximately  the  time  from  first  feeding  on  the  cotton  plant  to  ovi- 
position, are  surprisingly  similar.  They  vary  from  1 1  to  1 5  days  with 
an  average  of  12.6  days. 

This  period  for  female  thurberim  paired  with  male  grandis  was  12 
and  15  days  in  the  two  cases  tested  in  May  and  June.  This  gives  an 
average  of  13.5  days.  In  early  September  this  period  ranged  from 
2  to  5  days  with  an  average  of  3  days. 

During  the  early  part  of  September  this  period  for  typical  thurherise 
varied  from  1  to  3  days  with  an  average  of  2.2  days. 

In  all  these  series  where  female  tTiurberix  were  used  the  individuals 
were  extracted  from  their  hibernation  cells  in  Thurberia  bolls  and 
placed  on  cotton  squares  immediately. 

The  period  from  first  feeding  to  oviposition  of  early  hibernated 
females  was  observed  in  only  one  pair  of  weevils  fed  on  the  buds  and 
blooms  of  CaEirrhoe  pedata.  This  female  began  depositing  eggs  6 
days  after  being  placed  on  this  food.  As  these  weevils  were  collected 
during  the  early  part  of  May  they  had  probably  fed  very  little,  if  at 
all,  on  cotton. 
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DURATION  OF  FERTILITY  AND  FECUNDITY. 

Many  experiments  were  conducted  to  test  the  duration  of  fertility 
and  the  fecundity  of  the  various  types  of  weevils.  With  A.  grandis 
special  experiments  on  this  question  were  conducted  in  addition  to 
the  regular  breeding  series.  Rather  thorough  data  were  obtained  on 
the  variety  thurberise  and  the  various  crosses  in  the  diflFerent  breeding 
series  of  these. 

Fecundity  of  females  of  A.  grandis  in  copvla  only  once. — ^The  previous 
results  on  the  exact  duration  of  the  fertility  of  females  after  copula- 
tion were  very  indefinite  and  there  were  no  records  of  the  fecundity 
resulting  from  only  one  copulation.  In  the  course  of  the  past  sum- 
mer's investigations  the  writer  was  able  to  secure  considerable  infor- 
mation on  this  point. 

Eleven  females  were  separated  from  the  males  immediately  after 
emergence  and  only  returned  to  them  about  6  hours  each  day  when 
under  close  observation.  In  this  manner  the  first  copulation  of  each 
female  was  determined  and  she  was  then  placed  alone  on  squares  to 
test  her  fecundity  with  no  more  chances  for  fertilization.  Of  the 
1 1  females  so  treated,  five  were  fertile,  four  were  infertile  but  deposited 
eggs,  and  two  failed  to  deposit  any  eggs.  Of  the  two  that  did  not 
deposit  eggs,  one  was  in  copula  25  minutes  and  the  other  10  minutes. 
Each  of  these  Uved  a  short  time  and  then  died.  The  fecundity  tests 
of  the  remainder  gave  the  results  found  tabulated  in  Tables  V  and  VI. 

Table  V. — Fecundity  of  females  of  A,  grandis  in  copula  only  one  time  and  rendered 

fertile  m  that  time. 


Time  in 
copula. 

Oviposltion. 

Total 
eggs. 

Eggs  deposited. 

Eggs  per  day. 

Duration  of  fertility. 

Started. 

Ended. 

Period. 

Exter- 
nally. 

Nor- 
mally. 

Aver- 
age. 

Maxi- 
mum. 

To  end  of  oviposltion . . 
To  A  uj?.  10 

MinutcB. 

24 
»45 

26 
«31 

29 

June  28 
...do...- 
June  30 
July  12 
Aug.    9 

Aug.    7 
Aug.  27 
July  18 
Aug.  12 
Sept.   4 

Days, 
41 
61 
19 
32 
27 

348 

456 
87 

237 
32 

0 
9 
0 
0 
0 

348 
447 

87 
237 

32 

8.6 
7.4 
4.6 
7.4 
1.2 

17 
21 

To  end  of  oviposit  ion. . 
Do 

7 

17 

Do 

3 

Total 

155 
31 

180 
36 

1,160 
235 

9 

1,151 

Average 

Weighted  average 

6.4 
8.6 
1.2 

Maximum r 

45 

24 

61 
19 

456 
32 

9 
0 

447 
32 

21 

Mlnimiun 

3 

1  Copulated  twice  (22  and  23  minutes  respectively)  with  Interval  of  12.5  minutes  between  copulations. 

s  Copulated  four  times  (7, 4, 2.  and  18  minutes  respectively)  between  10:04  a.  m.  and  11:18  a.  m.  Remain- 
der of  the  weevils  were  in  copula  only  one  time.  These  copulations  were  with  so  very  little  time  bc^ecn 
them  that  they  were  considered  as  one  fertilization. 
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Table  Yl.—FeetmdUy  offemndeM  of  A.  grandU  in  copula  only  one  Hme  and  not  fertilized. 


Tota],ftTen«e, 
etc. 

Time 
in  cop- 
ula. 

Oviporftion. 

Ttotal 

Eggs  deposited. 

Eggs  per  day. 

Time 
from 

Started. 

Ended. 

Period. 

Exter- 
nally. 

Nor- 
mally. 

Aver- 
age. 

Ifaxi- 

last 

jam. 

3 

7.5 
19 
37.5 

Jane  29 
Jane  30 

June  29 
Aug.  26 
July     1 
July    3 

58 

1 
3 

1 

67 
3 
3 

0 

51 

0 

0 

1 
16 
3 
3 

1 

1.1 

3 

1 

1 
6 
3 

1 

^^ 

1 

g 

35 

Total... 

«7.0 

ie.7 

63 
15.7 

74 
18.5 

51 

23 

48 

ATenge. 

12 

Weighted  BY. 
enge. 

1.1 
3 

1 

If uiimTni 

37.5 
3 

58 
1 

67 

1 

51 
0 

16 

1 

6 

1 

35 

Ifiniminn 

1 

From  Table  V  it  is  seen  that  the  greatest  fertility  was  with  the 
longest  period  of  copulation  (45  minutes).  Beyond  this  there  seems 
to  be  very  little  relation  between  the  time  in  copula  and  the  resulting 
degree  of  fertility.  In  the  infertile  females  it  is  seen  that  periods  of 
25  and  37.5  minutes  in  copula  still  failed  to  result  in  fertility. 

The  total  eggs  deposited  by  the  fertile  females  ranged  from  32  to 
456  with  an  average  of  235  each  for  the  five  females.  This  average 
is  quite  high,  even  in  comparison  with  females  having  males  present 
throughout  life.  The  infertile  females  deposited  from  1  to  67  eggs, 
with  only  one  depositing  more  than  3  eggs. 

The  period  of  fertility  of  the  fertile  females  ranged  from  19  to  44 
days  with  an  average  of  32.6  days.  The  average  eggs  per  day  ranged 
from  1.2  to  8.5  with  a  weighted  average  of  6.4.  This  is  a  rather  high 
average  when  compared  with  the  results  secured  in  other  deposition 
series. 

A  comparison  of  these  results  seems  to  indicate  that  the  time  in 
copula  has  very  little  influence  on  the  resulting  fertility  of  the  female. 
One  female  was  not  rendered  fertile  during  37.5  minutes  of  copulation 
while  four  others  were  fertilized  in  less  than  this  time.  The  shortest 
time  in  copula  which  resulted  in  fertility  of  the  female  was  24  minutes, 
but  the  writer  thinks  that  this  is  not  significant. 

The  high  average  of  the  eggs  deposited  by  the  females  fertilized 
only  once  would  seem  to  indicate  that  one  fertilization  is  sufficient 
to  produce  the  maximum  fecundity  of  the  female.  While  this  may 
be  true  in  certain  rare  instances,  the  writer  believes  that  such  cases 
win  be  very  rare.  In  a  different  breeding  series  a  few  females  were 
allowed  to  deposit  e^s  from  one  fertilization  until  they  stopped 
deposition,  then  males  were  added  and  in  every  case  the  females 
began  depositing  again  and  continued  for  some  time.  The  female 
with  the  highest  deposition  record  in  the  one  fertilization  series 
discussed  above  quite  evidwitly  reached  the  limit  of  her  fertility  17 
days  before  death  and  she  deposited  9  infertile  eggs  in  this  period. 
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From  this  evidence  it  seems  clear  that  one  copulation  will  often  result 
in  fertilization,  but  wiU  not  usually  suffice  for  complete  fecundity  of 
the  female. 

Fecundity  of  females  of  A.  grandis  with  complete  record  on  copvla- 
tion, — Since  very  little  was  known  concerning  the  exact  number  of 
times  a  single  female  will  copulate  in  the  course  of  her  life  an  attempt 
was  made  to  secm*e  some  information  on  this  point. 

Nine  females  were  separated  from  the  males  immediately  aft^* 
emergence  and  each  was  fed  separately  throughout  life.  A  male  was 
allotted  to  each  female  and  each  day  the  different  pairs  were  placed 
together  in  dry  glass  tubes  for  a  short  time  while  imder  close  observa- 
tion and  given  a  chance  to  copulate.  The  period  spent  in  copula  was 
noted  each  time  and  in  this  manner  a  complete  record  of  the  copula- 
tions of  each  female  was  secured.  During  the  remainder  of  the  day 
the  females  were  kept  on  fresh  squares  and  the  daily  egg  deposition 
noted.     The  results  secured  in  this  series  are  shown  in  Table  VII. 

Table  VI  I. — Fecundity  of  females  of  A.  grandis  with  complete  record  of  time  in  copula. 


Total,  average,  etc. 


Times 
in  cop- 
ula. 


205 


22. 7 


Total 

A  verage 

Weiclited  average 

Maxiraum j    33 

Minimum '     9 


30 
3,} 
27 
29 
24 
18 
13 
9 


Total 
time  in 
copula. 


490.5 
667.5 
786.5 
689.0 
650.5 
563.0 
369.0 
291.5 
196.0 


Aver- 
age 
time 
per 

copula. 


Min. 
22.3 
22. 2 
23.8 
25.6 
22.4 
23.4 
20.5 
22.4 
21.7 


4, 703. 5  I 
522.  0 


22.9 


7H6.  5  j      25. 5 
196. 0  '      20. 5 

I 


Ovipositlon. 


Started. 


July  2 
July     4 

...do 

July  6 
July  6 
July    7 

...do 

July  9 
July  11 


Ended. 


July  29 
Aug.  9 
Aug.  24 
Aug.  4 
Aug.  12 
Aug.  6 
Aug.  7 
Aug.  5 
Aug.  27 


Total 
number 


Period. 


Dayt. 
28 
37 
52 
31 
38 
31 
32 
28 
17 


294 
32.7 


52 
17 


204 
217 
302 
112 
126 
126 
208 
65 
32 


1,392 
154.7 


302 
32 


Eggs 
de- 
pos- 
ited 
exter- 
nally. 


Aver- 
age 

num- 
ber 

eggs 
per 

day. 


7.3 
5.8 
6.8 
3.6 
3.3 
4.0 
6.5 
2.3 
1.9 


Max- 


nuiii> 
ber 


per 
day. 


13 
18 
15 
10 
10 
10 
14 
10 
5 


4.7 
7.3 
1.9 


18 
5 


The  number  of  times  a  single  female  will  copulate  was  found  to  be 
much  higher  than  was  anticipated.  With  these  9  females  the  num- 
ber varied  from  9  to  33,  with  6  females  copulating  more  than  20 
times.     The  average  per  female  was  nearly  23  times. 

In  spite  of  the  great  number  of  copulations  the  number  of  eggs 
deposited  by  these  females  was  not  high  in  comparison  with  other 
series.  It  may  be  that  the  fact  that  the  females  were  of  necessity 
removed  from  their  food  for  from  1  to  2  hours  daily  while  with  the 
males  had  some  effect  on  the  egg  deposition.  The  total  number  of 
eggs  per  female  varied  from  32  to  302,  with  an  average  of  154.7  eggs 
per  female.  This  average  is  considerably  lower  than  that  for  the 
females  fertihzed  only  once  The  average  number  of  eggs  per  female 
per  day  was  4.7,  which  is  also  lower  than  the  average  for  the  once 
fertilized  females. 
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When  4he  male  and  female  weevils  were  placed  together  in  the  dry 
tubes  daily  they  very  rarely  failed  to  copulate.  They  would  usually 
unite  within  a  few  minutes  after  being  being  placed  in  the  tube  and 
it  was  very  rarely  that  they  copulated  at  all  if  they  did  not  start 
almost  immediately  after  having  the  opportunity.  It  was  extremely 
rare  for  the  two  sexes  to  remain  together  without  copulation  for  a  half 
hour  and  then  unite. 

TTie  various  breeding  series  in  which  one  pair  of  weevils  were 
tc^ther  on  squares  were  examined  only  once  daily  and  many  pairs 
were  foimd  in  copiila  day  after  day  when  making  these  daily  exam- 
inations. In  the  field  it  was  very  noticeable  that  a  pair  usually 
united  as  soon  as  they  were  placed  together  on  a  plant.  When  wee- 
vib  are  collected  in  the  field  and  placed  in  a  tube  it  is  the  com- 
mon occmxence  for  many  pairs  to  unite  as  soon  as  dropped  in  the 
tube.  Hence  it  seems  probable  that  it  is  normal  for  a  single  female 
to  be  in  copida  many  times  and  for  the  weevils  to  copulate  almost 
whenever  they  meet  in  the  course  of  their  travels  over  the  plants. 

Three  females  deposited  a  total  of  7  eggs  externally.  These  eggs 
were  deposited  during  the  days  when  the  same  females  deposited 
other  e^s  normally.  As  the  females  were  certainly  fertile,  owing  to 
the  almost  daily  copulations,  this  shows  that  external  deposition 
of  eggs  may  be  due  to  some  cause  other  than  infertility.  The  eggs 
deposited  externally  by  these  females  were  tested  for  viability  and 
all  hatched. 

Fecundity  of  A.  grandis  females  after  hibernating. — ^Twelve  females 
were  collected  in  the  field  at  Victoria,  Tex.,  May  8  to  10,  shortly  after 
emergence  from  hibernation,  and  fed  on  cotton  leaves  imtil  squares 
became  available.  Then  each  was  placed  with  a  male  and  given 
fresh  squares  daily  for  oviposition.  These  females  were  all  observed 
until  their  normal  death.  The  results  secured  are  shown  in  Table 
VIII: 

Table  VIII. — Fecundity  of  females  of  A,  grandis  after  hibernating. 


Number  of  females. 

Total  eggs 
laid. 

Average 

Approxi- 
mate ovi- 
position 
period  per 
female. 

Eggs  per  day. 

Average. 

Maximum. 

2 

144 

673 
302 
336 
716 
701 
100 

72 

336.5 
302 
168 
357.5 
360.5 
100 

Days. 
12 
32 
53 
25 
66 
46 
13 

6.0 
10.6 
6.7 
6.7 
6.5 
7.6 
7.6 

14 

I,..,                       

120 

1 

12 

2 

11 

2 

12 

2 

19 

1 

11 

Total  12 

2,971 

406 
33.8 

Average      '                        

247.6 

Wcdbdited  averase 

7.3 

ia6 

6.7 

ifa^mm                  :               - 

358 
72 

66 
12 

20 

ifiobnnm 

11 

1  The  2  females  in  this  lot  deposited  39  eggs  in  1  day.    Therefore  one  of  them  laid  at  least  20  eggs. 
89032*>— BuU.  231—15 3 
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Unfortunately  10  of  these  females  were  placed  2  to  a  breeding 
cage,  and  consequently  the  records  for  each  of  these  cages  give  the 
activities  of  2  females  instead  of  1.  Therefore  complete  individual 
records  of  these  females  can  not  be  given. 

The  total  number  of  eggs  deposited  by  these  weevils  is  very  high. 
The  average  per  female  in  the  different  lots  ranged  from  72  to  358 
eggs.  The  average  for  the  12  females  is  247.6  eggs.  These  averages 
are  considerably  higher  than  those  of  the  reared  weevils  of  the  later 
generations.  It  was  previously  supposed  that,  owing  to  the  vitality 
used  in  passing  the  winter,  hibernated  females  would  deposit  less  eggs 
than  weevils  emerged  during  the  summer,  but  this  is  shown  not  to 
be  the  case. 

The  previously  recorded  maximum  number  of  eggs  deposited  by  a 
single  female  was  304.  It  is  of  considerable  interest  to  note  that  6 
out  of  these  12  hibernated  females  evidently  exceeded  that  number. 
The  average  number  of  eggs  per  day  ranged  from  5.7  to  10.5,  with 
an  average  of  7.3.  This  also  is  greater  than  the  average  of  any  of 
the  later  generations. 

Fecundity  of  summer^eared  weevils, — Although  the  greater  part  of 
the  females  used  in  the  various  generation  series  of  A.  grandis  during 
the  season  were  not  allowed  to  complete  oviposition,  7  of  them  were 
continued  to  completion.  The  activities  of  these  females  are  shown 
in  Table  IX. 

Table  IX. — Fecundity  of  females  of  A.  grandis  in  various  breeding  series  throughout  the 

season. 


Sourc6  of  weevils. 

Oviposition— 

Total 
eggs. 

Eggs  per  day. 

Started. 

Ended. 

Period. 

Average. 

First  Efineration  adults 

June  18 
July  26 

An 

July  12 
Sept.  30 
Aug.  10 
Sept.  23 
Sept.  30 

i.idS::;:: 

Days. 
25 
67 
16 
60 
59 
44 
44 

205 
141 

83 
205 
233 
153 

45 

8.2 
2.1 
5.2 
8.4 
3.9 
3.5 
1.0 

14 

Third  generation  adults 

10 

Do  

12 

Do do 

13 

Last  adults  of  first  generation 

Aug.     3 
Aug.  18 
...do 

11 

Fourth  genwation  adults 

12 

Do 

5 

Total 

1.065 

* 

Average 

45  1        152.1 

Weighted  average 

.- J.  .- 

3.3 

8.2 
1.0 

If  a^nitim  - , .  1 . . , ,  J 

67             233 
16                45 

14 

If Infmiim - , , , ' 1 

A 

1         1 

Considering  the  fact  that  these  females  were  with  males  constantly, 
were  given  fresh  squares  daily  and  were  less  distiu'bed  than  any  oth- 
ers, it  is  surprising  that  their  oviposition  was  so  low.  The  maxi- 
mum did  not  equal  the  average  of  the  once  copulated  weevils  and  the 
average  is  nearly  100  less  than  the  average  for  the  hibernated  females. 
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The  average  number  of  ^gs  per  day  ranged  from  1  to  8.2,  with  an 
average  of  3.3  ^gs.  This  is  also  much  less  than  the  average  for 
eitiier  the  hibernated  or  once  copulated  weevils.  The  maximum 
number  of  ^gs  per  day  ranged  from  5  to  14.  In  fact  these  weevils 
showed  a  surprisingly  low  degree  of  fertility  in  all  points. 

Fecundity  offemcUes  of  A,  grandis  in  experiTnents  not  continued  to 
ampUtion. — ^Many  of  the  females  in  the  various  grandis  generation 
scries  were  allowed  to  oviposit  only  a  short  time  and  then  stopped 
because  of  lack  of  squares.  Some  interesting  data  were  secured 
from  some  of  these  weevils,  as  is  shown  in  Table  X. 

Table  X. — Fecundity   of  females  of  A.   grandis  in   experiments  not  continued  to 

completion. 


Oviposltkm  started. 

Experi- 
ment 
dosed. 

Oviposi- 
tkm. 

Total 

Eggs  per  day. 

Avflfage. 

Maximum. 

imwU                      .                     

June  20 
July    2 
July  11 
July  12 
...do 

16 

26 

6 

6 

4 

14 
13 

20 
147 
318 
45 
M 
31 
53 
73 

5.0 
9.2 

12.7 
7.5 

16.5 
7.7 
8.7 
5.6 

7 

Jniwi' 

15 

Do 

26 

JoItT 

11 

Do 

21 

JalT9 

...do 

11 

S«pt.8 

fl^t.a 

8 

^5:::: ::::::::.:: :.:::: 

10 

1 

16.5 
3.7 

26 

Ifinhn^im 

1 

7 

1 

This  information  is  of  principal  value  in  giving  maximum  and 
mininlTim  records.  One  female  in  this  lot  gave  the  season's  maxi- 
mum record  for  eggs  deposited  in  one  day.  This  was  26  e^s.  Inci- 
dentally this  is  the  highest  number  of  eggs  deposited  by  a  single  female 
in  one  day  on  record.  This  female  was  allowed  to  continue  deposi- 
tion only  25  days,  but  in  this  time  she  deposited  a  total  of  318  eggs, 
or  an  average  of  12.7  per  day. 

Fecundity  of  typical  A.  g.  tharberix  fed  on  cotton  squares, — ^Three 
pairs  of  pure  thurherise^  were  mated  on  cotton  squares  in  June,  but 
for  some  reason  only  one  female  deposited  any  eggs.  This  one 
deposited  7  ^gs  with  a  maximum  of  4  in  1  day  and  an  average  of 
0.3  per  day.  These  ^gs  were  probably  all  fertile,  as  most  of  them, 
at  least,  hatched.  It  is  very  hard  to  account  for  the  fact  that  two 
of  these  females  laid  no  eggs  and  the  other  deposited  so  few.  The 
females  of  thurberix  placed  with  grandis  males  at  this  same  time 
deposited  a  normal  munber  of  ^gs. 

The  fall  series  of  pure  thurherise  mated  on  cotton  squares  gave 
much  better  results,  as  is  shown  in  Table  XI. 
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Table  XI. — Fecundity  of  typical  A.  g.  thurherix. 


Oviposition. 

Total 
eggs. 

Eggs  per  day. 

Mean 
tempera- 
ture for 
period. 

Number  of  females. 

Started. 

Ended. 

Period. 

Days. 

34 
30 
31 
33 

Average. 

Maxi- 
mum. 

11      

Sept.    7 
Sept.    3 

Sept.    7 
Oct.     6 
Oct.     1 
Oct.     2 
Oct.     6 

1 
173 
73 

90 
76 

1.0 
5.1 
2.4 
3.0 
2.3 

1 

17 
11 

8 
8 

•  F. 

n.t^ 

77.3 

77.4 

Sept.    4 

77.4 

Total                           

128 

412 

.   .   . 

Averace 

32 

103 

Wei^ih  ted  average 

1 

3.2 
5.1 
2.3 

77.4 

Maximiiin 

1 

34 
30 

173 
73 

'I 

M  inimurn -      - 

1 

1  Owing  to  the  fuct  that  this  female  deposited  only  one  egg,  the  record  is  not  included  In  the  averages 
and  summary  given. 

Five  pairs  were  mated,  and  while  four  females  deposited  fairly 
weU,  the  other  deposited  only  one  egg  and  is  not  considered  in  the 
following  discussion.  The  total  number  of  eggs  deposited  by  these 
females  ranged  from  73  to  173,  with  an  average  of  103.  The  average 
per  day  ranged  from  2.3  to  5.1,  with  an  average  of  3.2,  and  the  max- 
imum in  one  day  was  1 7.  All  of  these  records  are  very  low  in  com- 
parison with  the  results  of  practically  all  other  series.  On  the 
other  hand,  the  thurberix  females  mated  with  grandis  males  at  this 
time  gave  better  deposition  records. 

Results  of  the  mating  of  male  of  A.  g.  thurberix  and  female  of  A. 
grandis. — In  June  two  hibernated  grandis  females  collected  in  the 
field  were  placed  with  male  thurherix  on  cotton  squares.  As  these 
females  were  undoubtedly  fertilized  by  grandis  males  before  being 
isolated,  this  scries  did  not  result  in  positive  proof  of  cross  breeding, 
but,  as  the  weevUs  copulated  freely,  the  later  progeny  were  quite 
probably  hybrids. 

These  two  females  deposited  192  and  387  eggs,  respectively,  with 
an  average  of  7.1  and  7.9  each  per  day.  The  average  total  number 
of  eggs  per  female  was  289.5  and  the  daily  average  was  7.6.  The 
maximiun  nmnber  of  eggs  per  day  was  16  for  each  female.  On  the 
whole  this  fecundity  is  quite  high  and  the  females  were  surely  refer- 
tilized  by  the  new  typo  of  males. 

In  September  three  known  infertile  females  of  grandis  were  mated 
with  male  thurlerix  on  cotton  squares  immediately  after  emergence. 
This  resulted  in  the  positive  crossing  of  the  two.  The  results  of 
these  matings  are  shown  in  Table  XII. 
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Table  XII. — Fecundity  of  positive  crosses  of  male  of  thurberix  and  female  of  grandis. 


Number 

of 
females. 

OvlpodUan. 

Total 
eggs. 

Eggs  per  day. 

Average 

Total,  Kwengfi,  etc. 

Started. 

Ended. 

Period. 

Average. 

Maxi- 
mum. 

turefor 
period. 

1 

1 
1 

Sept  7 
Sept  4 
Sept.  5 

Oct  24 
Sept  U 
S^t  17 

48 
38 
13 

115 
43 
89 

2.4 

1.1 
5.3 

7 

4 
8 

74.4 

n.8 

78.9 

Total 

3 

99 
33 

227 
75.6 

AvefBge. 

Weighted  averace  . . . 

2.3 
5.3 
1.1 

76,3 

if.^ISl^^^* 

48 
13 

115 
43 

8 
4 

Mbitanum 

The  total  oviposition  of  these  females  was  surprisingly  low,  ranging 
from  43  to  115  and  averaging  75.6  ^gs  per  female.  The  average 
number  of  ^gs  per  day  was  only  2.8  and  the  maximum  number  of 
eggs  in  one  day  was  only  8. 

Results  of  the  mating  of  male  of  A.  grandis  and  femxde  of  A.  g. 
thurberise. — In  June  two  of  the  female  thurberiae  received  were  mated 
on  cotton  squares  with  male  grandis  collected  in  the  field.  As 
these  females  had  been  shipped  with  thurberix  males,  there  was  a 
possibility  of  their  being  fertile  at  the  time  of  placing  with  grandis 
males,  but  refertilization  probably  occurred. 

These  females  deposited  115  and  130  ^gs  respectively,  with  an 
average  of  122.5  each.  The  average  per  day  was  3.4  and  3.9  ^gs, 
making  an  average  of  3.6  each  for  the  two  females.  The  maximum 
in  one  day  was  7  eggs. 

In  the  fall  three  females  of  thurherisd  reared  from  Thurberia  bolls 
received  from  Arizona  were  mated  with  the  males  of  grandis  on 
cotton  squares  immediately  after  emergence.  Thus  positive  crosses 
were  secured.     The  activities  of  these  females  are  shown  in  Table 

xm. 

Tabub  XITI. — Fecundity  of  positive  crosses  of  female  of  thvrberix  by  male  of  grandis. 


Number 

Oviposition. 

Total 
eggs. 

Eggs  per  day. 

Mean 

Total,  mrengt,  etc. 

of 
females. 

Started. 

Ended. 

Period. 

Average. 

Maxi- 
mum. 

turefor 
period. 

1 

1 
1 

Sept.  6 

Oct  27 
Oct.     2 
Oct.     8 

30 
36 

96 
146 
102 

1.8 
4.8 
3.0 

8 
13 
8 

73.9 
77.3 
80.2 

Total 

3 

118 
39.3 

348 
114.3 

kwmrmge    .  .     ,  .  .  ^  ,  ^ 



Vfli^ted  >V^!fHP> 

2.9 
4.8 
1.8 

76.7 

52 
30 

146 
96 

13 
8 

IfliLlik— m 
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Here  again  the  total  eggs  deposited  was  quite  low  and  the  average 
eggs  per  day  was  likewise  low.  However  the  fecundity  was  quite 
high  enough  to  equal  many  of  the  grandis  females  depositing  at  the 
same  time;  consequently  there  seems  little  reason  to  believe  that 
the  fecimdity  of  thurherise  is  less  than  that  of  grandis. 

Results  of  the  matiTig  of  progeny  of  male  of  thurherix  and  female 
of  grandis. — ^In  the  latter  part  of  June  three  pairs  of  weevils  reared 
from  eggs  deposited  by  doubtful  crosses  of  male  thurherise  and  female 
grandis  were  mated  on  cotton  squares.  Two  pairs  were  placed 
together  in  one  jar  and  allowed  to  continue  deposition  until  the 
normal  cessation.  These  two  females  deposited  a  total  of  100  eggs 
and  averaged  4.3  per  day.    The  maximum  number  in  one  day  was 

14  eggs.  The  other  female  was  allowed  to  continue  oviposition  for 
18  days,  and  in  this  time  she  deposited  a  total  of  143  ^gs  at  the 
rate  of  8  e^s  per  day.    The  maximum  number  for  one  day  was 

15  ^gs. 

ResuUs  of  {he  m^ng  of  progeny  of  male  of  grandis  and  female  of 
thurherise. — In  Jiily  two  pairs  of  weevils  reared  from  eggs  deposited 
by  doubtful  crosses  of  male  grandis  and  female  {hurherise  were  mated 
on  cotton  squares.  Owing  to  the  shortage  of  squares  these  weevils 
were  stopped  after  having  deposited  for  17  and  5  days,  respectivdy. 
The  first  female  deposited  a  total  of  131  ^gs  at  the  rate  of  7.3  per 
day,  with  a  daily  maximiun  of  15,  and  the  second  deposited  48  eggs 
at  the  rate  of  9.6  per  day,  with  a  daily  maximum  of  14. 

MAXIMUM  NUMBEB  OF  EGGS  PEB  DAT. 

The  maximiun  nmnber  of  eggs  deposited  in  1  day  by  any  female 
was  26.  A  first  generation  grandis  female  emerging  June  8  deposited 
this  nmnber  of  eggs  in  cotton  squares  July  2.  The  mean  temperature 
was  81.1°  F.  and  the  mean  humidity  was  68  per  cent  for  the  oviposi- 
tion day  involved.  The  previous  record  for  1  day's  deposition  (20 
eggs)  was  exceeded  many  times  by  quite  a  nmnber  of  females. 

The  maximxmi  number  of  eggs  deposited  by  typical  ihAirherise  on 
cotton  squares  was  17.  This  number  was  deposited  September  8  at 
a  mean  temperature  of  86.4°  and  a  mean  humidity  of  78  per  cent  for 
the  oviposition  day. 

The  maximmn  for  the  mating  of  infertile  female  (hwrberise  and 
male  grandis  was  13  eggs.  This  nmnber  was  deposited  September  10 
at  a  mean  temperatiu'e  of  81.4°  and  a  mean  humidity  of  83.5  per  cent 
for  the  oviposition  day. 

The  maximum  for  the  mating  of  infertile  female  grandis  and  male 
thurherise  was  8  eggs.  This  nimiber  was  deposited  September  16  at  a 
mean  temperature  of  76°  and  a  mean  humidity  of  77.5  per  cent  for 
the  oviposition  day. 
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The  maximum  number  for  females  fed  only  on  buds  and  blooms  of 
CdUirrJio'i  irwolucraia  was  3  eggs. 

The  maximum  for  females  fed  only  on  the  buds  and  blooms  of 
Hibiscus  syriacus  was  8  eggs. 

RATE  OF  OVIPOSinON. 

The  daily  rate  of  oviposition  has  already  been  shown  in  the  discus- 
sion of  the  general  fecundity  of  the  weevils,  but  the  rate  by  fractions 
of  the  oviposition  period  of  the  different  females  is  also  of  interest. 
In  the  following  studies  the  oviposition  period  of  each  female  has 
been  divided  into  thirds  and  the  resiilts  tabulated  accordingly.  This 
is  shown  in  Table  XTV. 

Table  XIV. — RaU  ofovipotiHon  of  the  boll  weevil  obtained  in  all  experimenU. 


Number 

of 
females. 

Season. 

Rate  of  oviposition. 

Ntture  of  weevils. 

First  third  of 
period. 

Kiddle  third  of 
period. 

Last  third  of 
period. 

Total 
eggs. 

Daily 
average. 

Total 
eggs. 

Daily 
average. 

T^tal 
eggs. 

Dafly 
average. 

Hibeniated  profit 

fenales. 
Once  fertilised 

Omtiit  females 
with  a  complete 
record  on  copula- 

Varioos    breeding 

Tantlmrberim 

2 
6 
9 

6 

4 
3 

2 

3 
2 

May  to  July 

136 
521 
4»2 

415 

234 

77 

142 

155 
81 

6.5 
9.0 
5.2 

4.7 

5.5 
2.4 

5.6 

4.0 
8.9 

161 
484 
590 

386 

130 
83 

288 

127 
101 

7.3 
8.2 
6.0 

4.3 

3.1 
2.5 

9.5 

3.2 
4.4 

105 
166 
310 

219 

46 
67 

180 

61 
63 

4.6 

June  to  September. . . . 
July  to  August 

June  to  September. . . . 

September  to  October. 
do 

2.5 
3.0 

2.3 

1.0 
2.0 

mmletkwberiM 
and  female  frsn- 

BoobtftilcToaBesof 

May  to  July 

7.2 

male  thmrheriM 
and  female  frsii- 
Hi. 

Posithre  crosses  of 
male  frofldi*  and 
female  Cter6crte. 

Doabtfnl  CTosBes  of 

June  to  July  .  .  .  .  r  r  r  - ,  - 

1.5 

2.7 

male  frofldi*  and 
fomale  iterteric. 

TotaL 

2,253 

**5.*2' 

2,345 

'*"6.'4" 

1,215 

AToice 

2.9 

Here  it  is  seen  that  the  maximum  rate  of  oviposition  in  the  average 
of  all  series  is  reached  in  the  middle  period  and  the  minimum  is  in 
the  last  period.  However,  there  are  several  exceptions  to  this  in  the 
averages  of  the  different  types  of  females.  It  is  interesting  to  com- 
pare tiie  results  of  the  spring  and  fall  series.  In  the  former  the  aver- 
age of  the  middle  third  is  much  higher  than  the  first  and  the  last  is 
(mly  slightly  lower,  while  in  the  fall  series  there  is  generally  a  great 
decrease  in  the  latter  part  of  the  period.  This  differen^je  is  of  course 
due  to  the  temperature  increasing  from  spring  to  summer  and 
decreasing  in  the  fall. 
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IS  THE  FECUNDITY  OF  THE  WBEYIL  DECREASmC  ? 

In  previous  bulletins  on  the  boll  weevil  this  question  was  put,  but 
not  answered  because  of  insufficient  data.  A  comparison  of  the  total 
number  of  eggs  laid  by  weevils  at  Victoria  and  the  rate  per  day  for 
1902  to  1904  with  1913  gives  the  following  results: 

In  1902  to  1904  at  Victoria  132  weevils  laid  1 1,863  eggs  at  the  rate 
of  89  eggs  each,  or  2.8  eggs  each  per  day  with  a  mcmmum  of  135  ^gs 
per  female.  In  1913  at  Victoria  19  weevils  in  various  seasons  laid 
4,036  eggs  at  the  rate  of  212  eggs  each,  or  5.9  eggs  each  per  day  with 
a  maximum  of  358  eggs.  In  one  of  the  fecimdity  series  in  1913  a 
female  grandis  exceeded  even  this  maximum  and  laid  a  total  of  456 
eggs.  This  evidence  seems  to  indicate  that  if  there  has  been  any 
change  in  the  fecimdity  of  the  species  it  is  in  the  nature  of  an  increase 
rather  than  a  decrease. 

OVIPOSinON  PERIOD. 

During  the  summer  a  total  of  47  females  were  observed  through 
the  complete  oviposition  period.  The  results  of  these  observations 
are  summarized  in  Table  XV. 

Table  XV. — Oviposition  period  of  (he  boU  weevil  obtained  in  all  experiments. 


Source  of  weevils. 


Once  fertilited  grandis  females 

ChuTtdi*  females  with  complete  rec- 
ord on  copulation. 

Hibernated  ffrandi«  females 

First  generation  grandis 

Third  eeneration  grandis 

Last  offlrst  generation  grandis 

Fourth  generation  grandis 

Pure  thurberix 

Positive  crosses  of  male  thurbirim 
and  female  grandis. 

Doubtful  crosses  of  male  thurhnix 
and  female  grandis. 

Positive  crosses  of  male  grandis  and 
female  thurberix. 

Doubtful  crosses  of  male  grandis 
and  female  thurberix. 


Total 

Weighted  average. 

Maximtun 

Kinimum 


Season. 


June  to  September. 
July  to  August 


May  to  Julv.. 


Jime  to  Ji   , 

July  to  September 

August  to  September. . 

do 

September  to  October. 
do 


May  to  June 

September  to  October. 
June  to  July 


Number 

of 
females. 


47 


period. 


Daps, 


55 


67 


67 


Minimum 

period. 


Doyt. 


12 


Average 
period. 


Daifw. 
36 
32.7 

33.8 

25 

47.7 

50 

44 

32 

S3 

38 

39.3 

33.5 


35.8 


Here  it  is  seen  that  the  period  ranged  from  12  to  67  days  with  an 
average  of  35.8  days  for  all  females.  The  number  of  females  of  the 
different  classes  is  too  small  to  permit  anything  like  an  accurate 
comparison  of  results.  While  the  pwe  ihurherix  and  the  crosses 
containing  females  of  this  variety  averaged  a  sUghtly  shorter  time 
lor  the  period  than  the  native  grandis,  this  diflFerence  is  not  great 
enough  to  indicate  that  there  is  any  special  significance  in  it. 
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Although  the  1913  records  on  the  oviposition  period  did  not  in  any 
case  approach  the  maximum  recorded  period,  the  average  length 
was  ahnost  5  days  longer  than  the  average  of  all  previously  recorded 
experiments. 

EXTERNAL  DBPOOTION  OF  EGGa 

In  all  types  of  breeding  series  and  at  all  times  during  the  season 
females  were  observed  to  deposit  eggs  externally.  Usually,  when  the 
eggs  were  deposited  externally,  the  female  was  either  infertile  or 
about  through  ovipositing  but  not  infrequently  fertile  eggs  were 
deposited  externally  by  females  on  the  same  day  they  deposited  a 
number  normally.  A  few  observations  were  made  of  fertile  females 
depositing  eggs  in  empty  glass  tubes.  Every  time  this  happened  the 
female  would  turn  and  hnmediately  eat  the  egg.  This  habit  of 
eating  eggs  deposited  externally  was  observed  many  times  and 
nndoubtedly  greatly  reduced  the  number  found. 

The  e^s  deposited  externally  were  found  in  all  manner  of  positions 
on  the  calyx  and  bracts  of  squares,  some  even  being  found  on  the 
outside  of  the  bracts.  When  covered  with  a  moist  cloth  and  placed 
on  damp  sand  several  of  the  eggs  hatched.  In  one  case  an  egg 
hatched  within  24  hours  after  deposition  and  two  others  hatched 
within  48  hours.  As  eggs  in  squares  at  this  time  were  taking  3  and 
4  days  to  hatch  it  seems  evident  that  the  period  for  those  deposited 
externally  was  shortened  by  the  greater  exposure  to  the  heat  at  the 
time.  The  tissue  of  the  squares  surrounding  those  deposited  nor- 
mally probably  reduces  the  temperature  affecting  the  eggs. 

A  number  of  larvae  were  observed  after  hatching  from  eggs  deposited 
externally.  Although  several  of  these  larv»  were  very  near  punc- 
tures in  the  square  not  one  was  observed  to  make  its  way  into  the 
square.  They  all  moved  around  considerably  but  died  within  about 
one  day  after  hatching.  In  one  case  a  larva  hatched  from  an  egg 
placed  about  half  inside  a  pimcture  and  died  without  entering  the 
square. 

Some  of  these  larvae  were  taken  immediately  after  hatching  and  placed 
in  an  incision  in  a  square.  These  larv»  Uved  and  matured.  One 
larva  hatched  from  an  egg  deposited  on  the  petal  of  a  Hibiscus  bloom 
was  placed  in  an  opening  in  a  Hibiscus  bud  and  reached  pupation  safely . 

Many  of  the  eggs  deposited  externally  were  not  observed  for  hatch- 
ing, 80  no  record  can.be  given  on  the  percentage  of  these  eggs  that  were 
infertile,  but  in  one  series  of  females  that  were  depositing  fertile  eggs 
all  eggs  deposited  externally  were  kept  and  records  made  on  the 
number  hatching.  A  total  of  20  eggs  was  deposited  externally  in 
this  series  and,  of  these,  3  hatched,  or  only  15  per  cent.  From  this 
and  the  general  observations  made  during  the  season  it  seems  evident 
that  by  far  the  greater  part  of  the  eggs  deposited  externally  are 
infertile,  but  occasionally  fertile  eggs  are  deposited  in  this  manner. 
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NUMBEB  OF  EGGS  DEPOSITED  FIRST  DAT  OF  OYIPOSITION. 

The  number  of  eggs  deposited  the  first  day  of  oviposition  by  each 
female  in  all  series  varied  from  1  to  12  with  an  average  of  3  eggs  for 
the  58  females  observed  during  the  season. 

For  typical  grcmdia  the  number  varied  from  1  to  12  with  an  aver- 
age of  3  eggs. 

For  typical  thurherise  the  number  varied  from  1  to  10  with  an 
average  of  3.4  eggs. 

The  number  for  the  mating  of  infertile  female  thurberix  and  male 
grandis  varied  from  1  to  2  with  an  average  of  1.6  eggs.  The  num- 
ber for  the  mating  of  infertile  female  grandis  and  male  thurberis^ 
varied  from  1  to  4  with  an  average  of  2  eggs. 

PERIOD  FROM  THE  DEPOSmON  OF  LAST  EGG  TO  DEATH. 

The  period  from  the  deposition  of  the  last  egg  to  the  death  of  the 
female  in  all  series  varied  from  10  days  to  death  on  the  same  day  that 
the  last  egg  was  deposited.  This  death  on  the  last  day  of  deposition 
was  observed  5  times  during  the  season.  The  average  of  the  42  cases 
observed  was  3.1  days. 

For  the  different  series  of  typical  grandis  this  period  varied  from 
10  days  to  death  on  the  last  day  of  deposition.  The  average  was 
3.2  days. 

For  typical  (hurberisR  this  period  varied  from  3  to  7  days  with  an 
average  of  5.2  days. 

For  the  mating  of  female  gramdis  and  male  thwrherisR  the  period 
varied  from  1  to  5  days  with  an  average  of  2.4  days. 

For  the  mating  of  female  thurheris^  and  male  grandis  the  period 
varied  from  3  days  to  death  on  the  last  day  of  oviposition.  The 
average  was  1.8  days. 

CESSATION  OF  OYIPOSmON  BY  HIBERNATED  WEBVUJS. 

In  connection  with  the  discussion  of  early  or  late  planting  to  escape 
the  attack  of  the  weevil  it  is  interesting  to  note  the  time  of  cessation 
of  oviposition  by  early  hibernated  weevils.  The  accompanying 
table  (Table  XVI)  sho¥^  the  date  of  the  last  egg  deposited  by  each 
of  the  first  twelve  hibernated  females  collected  in  the  spring.  Here 
it  is  seen  that  the  last  egg  ranged  from  May  29  to  July  22. 

Table  XVI. — Dates  of  cessation  of  oviposition  of  first  hibernated  females  of  the  boll  weevil. 


DatecoUected. 

Date 
storoed 
OYlpos- 

Iting. 

DateooUected. 

Date 
stopped 
ovtpoa- 

iUng. 

Mays 

May  29 
June    4 
June  19 
June  22 
July  10 
June  14 
June  15 

May  20. . 

July  12 
July  23 

Do 

Do ax-...  --XX             

Do 

Do 

Do 

Do ' 

Do 

MaylO                

Jiiiuk   14 

May  20 . 

Earliest  date  stoimed 

May  29 

July  22 

Do 

T4tmt  datA  RtonnAd 
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DEPENKNGB  OP  REPSODUCTION  UPON  POOD. 

Tile  studies  of  the  feeding  habits  of  the  weevils  in  relation  to  mal- 
Taceous  plants  other  than  cotton  and  Thurberia  have  served  to  throw 
some  further  light  on  this  subject.  Many  weevils  were  kept  on  cotton 
leaves  only  from  emergence  to  death,  but  only  one  pair  was  observed 
in  copula  and  not  a  single  ^g  was  found;  but  shortly  after  such 
females  were  transferred  to  squares  or  bolls  they  would  start  ovi- 
positing more  or  less  normally.  The  possibility  of  the  shape  of  the 
square  or  boll  being  a  mechanical  stimulus  to  oviposition  was  con- 
sid^^  for  some  time,  but  later  in  the  season  this  idea  was  discarded. 
A  female,  which  had  been  fed  only  on  the  blooms  of  HibiBcus  syriacus 
from  emergence  deposited  a  fertile  egg  on  an  open  petal  of  a  bloom. 
Then,  shortly  after  this  several  females  were  observed  to  oviposit  in 
empty  glass  tubes.  So  it  seems  that  oviposition  is  simply  a  question 
of  food  and  fertility,  although  the  element  or  elements  needed  for 
sexual  maturity  are  not  limited  to  cotton  squares  and  bolls.  This 
element  is  evidently  not  present  in  cotton  foliage  in  sufEcient  quanti- 
ties, but  is  present  in  varying  amoimts  in  cotton  squares,  bolls,  and 
blooms.  Hibiscus  syriacus  blooms,  and  also  blooms  of  CaUirrhoe 
wi)olwmta  and  0.  pedata. 

DEVELOPMENT. 

Only  a  few  observations  were  made  on  the  individual  stages  of 
development,  although  much  work  was  done  upon  the  whole  period  of 
development.  The  length  of  the  stages  was  obtained  by  repeated 
examinations  to  learn  the  dates  of  transformation. 

Incubation  period. — ^The  data  on  the  ^g  stage  are  simimarized  in 
Table  XVII. 

Tabls  XVII. — Incubation  period  of  the  boU  weevU. 


Nombcr 
ofindi- 
Tiduals. 

Egg 
days. 

Period. 

Mean 

Date  of  oviposf  tkm. 

Mini- 
mum. 

Maxl- 

Average. 

tempera- 
ture. 

Dqwsttednormallr: 

Aufc  23 

0 
8 

20 
17 
11 
23 
24 
0 
17 

18 

17.0 
53.8 
48.28 
55.0 
131.1 
139.2 
50.4 
81.6 

l>a|r«. 
2 
2 
2 
2 
5 
5 
5 
5 
3.5 

3 
3 

4 
5 
6 
6 
0 
5.5 

2.2 

2.09 

2.84 

5.0 

5.7 

5.8 

5.6 

4.8 

88.5 

^S :.:.:.. :..:: :...:.:: 

87  6 

28 

86.8 

29    

86  1 

S«pt.l9 

74.1 

19      

73  1 

20 

71.  & 

21 

70.9 

22 

72.9 

Total  and  fiv^rsgo^ 

138 

594.9 

2 

6 

4.3 

^Zw20 

1 
2 

1 

4 

1 
2 

1 
2 

1 
2 

77.4 

Aug.  20 

86.4 

^)talandaT«cage 

3 

5 

1 

2 

1.6 
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By  this  table  it  is  noted  that  normally  deposited  eggs  developed  in 
2  days  at  88.5®  and  in  5.8  days  at  71.9®,  while  eggs  deposited  externally 
and  therefore  directly  exposed  to  the  changes  of  air  temperature 
developed  in  1  day  at  77.4®  and  in  2  days  at  86.4®. 

One  weevil  fed  on  flowers  of  Hibiscus  syriacus  deposited  an  ^g 
externally  on  September  21.  This  egg  hatched  in  4  days  at  a  mean 
temperature  of  71.1®. 

Larval  period. — Only  26  larvse  were  observed  through  this  stage  and 
they  averaged  6  days  with  a  minimum  of  5.1  days  and  a  maximum  of 
7.1  days  at  a  mean  temperature  of  84.7®.  One  greatly  retarded  indi- 
vidual not  observed  to  pupation  required  over  10  days  for  the  period. 

Pupal  period. — Only  7  observations  of  the  pupal  period  were  made. 
The  average  period  was  4.63  days,  with  a  minimum  of  4.38  days  and 
a  maximum  of  5.38  days,  at  a  mean  temperature  of  83.6®. 

TOTAL  DEVELOPMENTAL  PERIOD. 

The  data  for  the  total  developmental  period  are  presented  in  Table 
XVIII.  Records  of  the  development  of  1,513  individuals  indicate 
a  very  slightly  shorter  period  for  the  females  than  the  males.  These 
various  records  are  not  strictly  comparable  imtil  correlated  with  the 
climatic  records. 

Table  XVIII. — Data  on  the  developmental  period  of  the  boll  weevil. 

TEXAS  WEEVILS. 


Larval 
food. 

Period  of 
oviposltion. 

Kaks. 

Females. 

1 

s4 

• 

Nature  of 
weevils. 

u 

^K 

ii 

|i 

<^ 

< 

First  generation... 
Do 

Cotton 
squares. 

May  19-31 

June  1-5 

June  6-10 

JuneU-15 

June  16-20 

June  21-25 

June  26-30 

July  1-16 

June  17-30 

Jmie25^ulyl2. 

Aug.10-Sept.26. 

July  7-10 

July  27-30 

Aug.20-8ept.9.. 

Sept.  9-17 

Oct.  3 

54 

72 
57 
48 
27 
36 
33 
12 
41 
13 

8 
3 

4 
8 
3 

884 

1,206 
895 
729 
879 
477 
447 
176 
552 
178 

128 
39 
52 

133 
56 

16.7 
16.7 
16.1 
14.0 
13.2 
13.5 
14.6 
13.4 
13.7 

16.0 
13.0 
13.0 
16.6 
18.6 

50 

76 
44 
33 
84 
40 
32 

804 

1,249 
700 
498 
470 
526 
418 
184 
562 
134 

81 
68 
56 
72 
67 
21 
21 
1,170 

Dam. 
16.0 

16.6 
15.9 
14.9 
13.8 
13.1 
13.0 
14.1 
13.3 
13.4 

16.2 
13.6 
14.0 
14.4 
19.0 
21.0 
21.0 
12.8 

104 

147 
101 
81 
61 
76 
65 
25 
83 
23 

13 
IS 

209 

.1,688 

2,455 
1,595 
1,222 

849 
1,008 

866 

300 
1,114 

312 

209 

107 

lOS 

206 

118 

21 

04 

2,714 

111.7 

Do 

Do 

Do 

Do 

Do 

...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

15.7 
15.0 

ia.9 

13.1 

ia.3 

Do 

...do 

14.4 

Second  generation. 
Offispring  single 

Second  generation. 
Third  generation.. 
Fourth  generation. 
Fifth  generation... 
Sixth  generation... 
Do 

...do.... 
...do.... 

...do.... 
...do.... 
...do.... 
...do.... 

...do 

...do.... 
...do.... 
...do.... 

...do.... 

13.4 
13.5 

16.0 
13.3 
13.5 
15l7 
1&8 
21  0 

Seventh  generation 
Mi?ceUaneous  series 

Oct.  11-14 

July3-Aug.2-.. 

May-Oct 

2 

118 

43 
1,544 

21.5 
13.1 

21.3 
13.0 

True  grandk. 

639 

7,928 

14.7 

488 

7,086 

14.5 

1,027 

15,014 

14.6 
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Table  XVIII. — Data  an  the  developmental  period  of  the  boll  weevil — Continued. 
ARIZONA  WEEVILS. 


Larval 
food. 

Period  of 
ovfposftkm. 

Hales. 

Females. 

1. 

f 

jl 

Katareof 
wsevlls. 

il 

5Z5 

li 

It 

as 

|l 

<^ 

f 

< 

Pkitgenstatioii... 
Do 

Cotton 

BtegL^2i 

M«r  37. , , 

30 

2 
1 
8 
2 

853 

38 
18 
55 
49 

Daft. 

10.0 
18.0 
18.3 
34.6 

12 

207 

^- 

32 

2 
1 
6 
5 

560 

88 

18 

92 

126 

Daw, 
17.6 

19  0 

Do 

...do.... 

...do.... 

Cotton 

boUs. 

Cotton 
fonna. 

Cotton 
...do.... 

8^.a6:::::;;:: 

18.0 

Do 

Do 

Sept.  3-10 

Sept  13-15 

May,  Sept. 

Sopt.7-Oot,2... 

June  evilly  8... 
July  3-16 

2 
3 

37 
76 

18.5 
25.3 

18.4 
25  0 

TroeOvrto. 

38 

513 

18.3 

17 

320 

18.8 

45 

838 

18.5 

Do 

Bwond  geotcar 
tioo. 

11 

30 
15 

318 

370 
212 

10.8 

13.5 
14.1 

13 

19 
11 

228 

257 
157 

17.5 

13.5 
14.2 

24 

39 
26 

446 

627 
369 

18.5 

13.6 
14.1 

Total 

46 

700 

15.3 

43 

642 

14.9 

89 

1,342 

16  0 

Cotton 
V.'.do'.'.'.'. 

Sopt.6-Oet.4... 

MaydO-JoneU.. 

June  16-30 

July  1-7 

June24-July0.. 

First    ganer*- 
tloo. 

Do 

Do 

33 

83 
35 
17 
31 

387 

1,415 
453 
206 
203 

17.5 

17.0 
13.9 
13.2 
13.9 

15 

78 
39 
18 
29 

266 

1,040 
510 
296 
389 

17.6 

14.8 
13.0 
12.5 
13.4 

87 

156 
74 
36 
50 

652 

2,464 
936 
434 
682 

17.6 

15.7 
13.0 

Do 

...do 

12.4 

tlan." 

...do.... 

13.6 

Total 

178 

2,756 

16.4 

174 

2,439 

14.0 

352 

6,196 

14.7 

1913 

Total  of  all 

roi 

11,807 

15.0 

722 

10,487 

14.5 

1,513 

22,384 

14  7 

▼arintim. 

The  total  developmental  period  was  also  tested  jn  the  buds  of 
Biiiscus  syridcus  during  September  and  October.  Three  thurberix 
varied  from  16  to  17  days,  with  an  average  of  16  days,  and  2  grandis 
gave  a  period  of  17  and  18  days,  or  an  average  of  17.5  days. 

GBNERATION& 

In  order  to  determine  definitely  the  possible  number  of  genera- 
tions of  weevils  in  one  season  two  series  were  carried  through  the 
breeding  season.  These  were  to  determine  the  maximum  and  mini- 
mum number  of  generations  in  cotton  squares  from  the  first  hiber- 
nated females  to  emerge  in  the  spring. 

In  the  maTrimum  series  the  first  ^gs  from  the  first  hibernated 
females  found  were  saved  for  the  emergence  of  the  adults.  The 
first  of  these  adults  to  emerge  were  mated,  their  first  eggs  saved,  and 
80  on  through  each  generation.  Table  XIX  shows  the  results  of  this 
series. 
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Tablb  XIX. — Number  of  generations  of  the  boll  weevUr-maximum  series  on  sqiusres. 
(First  generation  from  first  eggs  of  females  that  emerged  from  hibernation  May  8  to  10.] 


Generation. 


First  generation: 

Eggs  laid 

Generation  mature. 
Second  generation: 

Eggs  laid 

Generation  mature. 
Third  generation: 

Eggs  laid 

Generation  mature. 
Fourth  generation: 

Egg^laid 

Generation  mature. 
Fifth  generation: 

Eggs  laid 

Generation  mature. 
Sixth  generation: 

Eg^slaid 

Generation  mature. 
Seventh  generation: 

Eggslaid 

Generation  mature. 


Date. 


May  19-24 

June  4-  8 

Jane  17-22 

July  1-4 

July  7-10 

July  20-22 

July  27-30 

Aug.  »-ll 

Aug.  l»-22 

Sept.  3-6 


Sept 
Sept. 

Oct 
Nov. 


8-10 
27-20 


7-11 
2-4 


Mean  tern- 

pe^^ra  f  or 

period.' 


Periodtrom 

maturity  to 

matmi^ 

(about). 


•F 

Deyt. 

78L2 

28 

sai 

26 

84.8 

19 

87.5 

90 

86.2 

25 

78.5 

24 

00.8 

86 

1  The  period  referred  to  here  is  that  from  the  average  time  of  emergence  of  a  generation  to  the  same 
time  In  the  next  generation. 

The  weevils  were  very  unusually  late  in  emerging  from  hiberna- 
tion at  Victoria  in  the  spring  of  1913,  the  first  being  foimd  on  May  8. 
This  is  at  least  two  or  three  weeks  later  than  the  usual  time.  As  a 
result,  nearly  one  complete  generation  was  cut  oflE  the  first  of  the 
season.  The  last  generation  secured  in  the  breeding  series  was  the 
seventh.  The  adults  of  this  generation  emerged  November  2  to  4. 
At  this  time  the  cool  weather  had  practically  stopped  all  breeding 
in  both  cages  and  field,  and  this  was  considered  to  be  the  last  gener- 
ation. However,  the  weather  became  warmer  in  the  latter  part  of 
November  and  December,  and  on  the  26th  of  Decembei  Mr.  J.  D. 
Mitchell  foimd  breeding  in  progress  in  the  field.  This  was  evidently 
a  case  of  an  extra  generation  caused  by  the  imusually  warm  weather 
after  the  starting  of  hibernation.  The  maximum  number  of  genera- 
tions in  squares  at  Victoria  in  a  normal  season  is  evidently  seven  or 
eight. 

The  minimum  generation  series  was  conducted  quite  differently. 
The  last  eggs  were  secured  from  the  hibernated  females  used  in  start- 
ing the  maximum  series.  The  last  adults  reared  from  these  eggs  were 
mated  and  their  last  eggs  secured.  The  results  of  this  series  are 
shown  in  Table  XX.  The  last  adults  of  the  second  generation  did 
not  mature  imtil  October  13  to  15,  and  as  these  certainly  would  enter 
hibernation  this  was  considered  as  the  TTf^inJTmiTTx  number  of  genera- 
tions from  the  first  hibernated  females.  As  the  last  females  to 
emei^e  from  hibernation  in  the  spring  would  continue  ovipositing 
much  longer  and  the  last  weevils  of  the  first  reared  generation  would 
mature  much  later  in  the  season,  it  seems  quite  possible  for  weevils 
of  the  first  generation  to  enter  hibernation  in  the  fall. 
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Tablb  XX. — Number  ofgeMTotiaM  of  the  boll  weevil— ^nimum  series  on  squares, 
[Pint  genfifBtkm  from  last  eggs  of  fanal«8  thst  emerged  from  hibematloii  May  8  to  lO.) 


Cieneration. 


Date. 


Period  from 
matoritT 

to  maturity 
(about), 


perature 
for  period. 


Flist  gCDersticDi: 

Usteggslakl 

Generation  mature 
Ltft  generation: 

Last  eggs  laid 

Generatkui  mature, 


July  14-16.. 
Julyr  - 


Sept.  96-30. 
Oct.  13-15.. 


Deft. 


80.7 
'80*7 


HIBERNATION. 

The  hibernation  of  variety  thurherise  in  bolls  of  Thurberia  is  longer 
than  any  other  phase  of  this  phenomenon  for  the  species.  The  adults 
mature  in  their  cells  before  December,  but  remain  therein  imtil  August 
or  later  aroimd  Tucson,  Ariz.  When  removed  from  the  cells  they 
begin  activity  immediately. 

NATURAL  CONTROL. 

Parasitism. — ^The  parasitism  of  native  weevil  stages  at  Victoria 
during  the  season  was  very  slight.  In  spite  of  the  large  numbers  of 
infested  squares  and  bolls  collected  in  the  field  and  held  for  the  emer- 
gence of  weevils,  not  a  single  parasite  was  reared.  Several  himdred 
infested  squares  and  bolls  were  opened  during  the  season  and  only 
one  parasite  larva  was  found. 

Late  in  the  season  two  lots  of  squares  were  sent  to  the  writer  from 
Tallulah,  La.,  by  Mr.  G.  D.  Smith.  These  were  .placed  in  cages  for 
the  emergence  of  adults  and  five  species  of  parasites  emerged.  These 
were:  Bracon  mdlitor  Say;  Catolaccus  incertus  Ashm.;  Catolaccus 
hunteri  Cwfd.;  Ceramhycobius  cyaniceps  Ashm.;  Eurytoma  tyloder-^ 
matis  Ashm.    Of  these  Bracon  was  much  the  more  abimdant. 

From  the  ihurberise  imported  from  Arizona  only  one  parasite  was 
reared  at  Victoria.  This  was  a  specimen  of  Eurytoma  sp.  which  had 
parasitized  a  weevil  larva. 

During  September  what  threatened  to  be  a  serious  outbreak  of  a 
mite  (probably  Pedicuhides  sp.)  appeared  in  the  various  breeding 
series.  This  infestation  spread  rapidly  over  many  of  the  shelves 
where  immature  stages  of  weevils  were  being  reared  and  soon  killed 
a  considerable  number  of  these.  This  infestation  was  evidently  con- 
trolled by  the  cool  weather  and  no  further  trouble  was  experienced. 

Messrs.  Schwarz  and  Barber  foimd  in  Thurberia  bolls  two  individ- 
uals parasitized  by  Ichneumonoidea. 

Disease. — ^During  the  latter  part  of  the  season  a  curious  epidemic 
of  deaths  of  newly  emerged  weevils  occurred  in  one  breeding  series. 
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Little  attention  was  paid  to  the  deaths  at  first,  but  in  about  three 
days  nearly  all  weevils  in  this  series  had  died.  It  was  then  noted 
that  instead  of  presenting  the  usual  appearance  of  death  the  weevils 
became  very  dark  in  color,  almost  black,  in  fact.  On  touching  these 
weevils  it  was  f oimd  that  they  were  very  soft  and  the  body  contents 
were  liquified.  This  liquid  had  the  usual  dark  color  and  characterr 
istic  odor  of  flacherie  of  lepidopterous  larvflB.  The  source  of  the 
seemingly  diseased  weevils  was  investigated,  and  it  was  foimd  that 
all  came  from  squares  kept  in  a  California  breeding  box  which  had 
contained  lepidopterous  larvae  infected  with  flacherie  only  a  short 
time  previously.  Two  of  the  dead  weevils  were  submitted  to  Dr. 
G.  F.  White,  of  this  bureau,  for  bacteriological  examination,  and  he 
reported  as  follows: 

In  the  examinations  made  the  findings  in  the  two  specimens  are  the  same.  Tbe 
direct  examination  shows  the  presence  of  a  very  laige  number  of  microoiganismB, 
which  seem  to  be  bacteria.  The  appearances  suggest  that  most  of  these  dgaiuaina 
belong  to  one  species.  Comparatively  few  colonies  appeared  in  plate  cultures  made 
from  the  material.  Th^re  is  some  indication,  therefore,  that  the  trouble  is  bacterial 
in  origin.  These  results  can  be  interpreted,  of  course,  only  as  suggesting  the  pos- 
sibility. 

While  the  results  secured  by  Dr.  White  are  by  no  means  conclu- 
sive, they  do,  as  he  says,  suggest  the  possibility  of  a  bacterial  dis- 
ease of  the  boll  weevil.  Although  it  is  but  a  mere  possibility,  there 
is  evidently  an  opportunity  for  considerable  profitable  investigation 
of  the  subject. 

BEHAVIOR  OP  LOUISIANA  WEEVILS  AT  VICTORIA. 

Late  in  the  season  a  nimiber  of  infested  squares  were  imported 
from  Tallulah,  La.,  in  order  to  test  the  weevils  emerging  from  them  in 
their  various  life  functions  in  comparison  with  Texas  weevils.  As 
the  work  was  interrupted  by  the  cool  weather  very  little  was  learned 
from  the  series,  but  some  results  of  interest  were  secured.  Four 
pairs  of  weevils  were  mated  on  cotton  squares  inmiediately  after 
emergence  and  tested  for  fecundity.  These  weevils  emerged  on 
September  18  and  on  September  20  one  female  deposited  1  egg  and 
another  deposited  2.  The  latter  female  deposited  another  egg  on 
September  22,  and  then  neither  of  these  two  deposited  any  more  eggs 
before  the  series  was  closed  on  October  29.  The  third  female  lived 
through  the  same  period  and  did  not  deposit  an  egg.  The  fourth 
female  emerged  September  20,  deposited  1  ^g  on  September  22, 
and  then  waited  14  days  before  depositing  another.  Then  deposi- 
tion started  normally  and  37  eggs  were  laid  in  the  next  23  days. 
These  results  are  very  peculiar,  especially  the  fact  that  three  out  of  tihe 
four  females  began  deposition  on  the  second  day  after  emergence  and 
then  stopped;  two  of  them  permanently  and  one  for  a  period  of 
14  dayd. 
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The  ^gs  deposited  were  tested  for  the  maturing  of  adults,  but 
none  emerged,  possibly  owing  to  the  cold  weather.  Native  weevils 
were  maturing  in  small  numbers  imder  the  same  conditions  at  this 
time,  but  as  the  number  tested  was  so  small  there  may  not  be  any 
significance  in  this  fact. 

These  weevils  were  also  tested  for  their  ability  to  subsist  on  a 
diet  of  Hibiscus  syriacus.  The  detailed  results  of  this  test  have  been 
published  in  the  paper  on  the  feeding  habits  of  the  weevils.  As  only 
Uooms  were  available  no  tests  were  made  of  the  abiUty  of  these 
weevils  to  breed  in  the  buds  of  this  plant,  but  they  seemed  as  well^ 
adapted  to  the  plant  as  the  native  and  Thurberia  weevils. 

DEVELOPMENT  OF  THURBERU  THESPESIOIDES. 

On  May  21  a  supply  of  seeds  of  Thurberia  from  the  Santa  Rita 
Mountains,  Ariz.,  were  planted  at  Victoria.  A  bed  of  rather  sandy 
soil  was  selected  in  a  well-drained  situation.  On  May  26  the  first 
seedling  appeared  above  the  ground  and  11  plants  were  visible  by 
June  1 .    Although  over  100  seeds  were  planted  only  these  1 1  sprouted. 

These  plants  grew  rather  rapidly  for  a  couple  of  months  but 
formed  no  lateral  branches  of  any  consequence.  The  growth  was 
entirely  upward  and  the  stems  were  very  thin,  causing  the  plants  to 
require  staking  to  prevent  drooping.  About  August  20  a  number 
of  fruiting  branches  appeared  near  the  top  of  the  plants  and  these 
developed  very  rapidly.  At  this  time  the  larger  plants  were  3^ 
feet  in  height.  On  August  26  the  first  bud  was  observed  and  many 
more  appeared  daily  for  a  period  of  about  three  weeks.  Then 
fruiting  was  discontinued  for  a  couple  of  weeks  followed  by  the 
production  of  more  fruiting  branches.  These  plants  continued  to 
grow  with  intermittent  formation  of  buds  until  the  observations 
were  discontinued  on  November  6.  At  this  time  several  of  the 
plants  were  more  than  4  feet  in  height. 

At  Batesburg,  S.  C,  Mr.  E.  A.  McGregor  planted  about  100  of  these 
seeds  in  a  sandy  bed.  Not  a  single  one  of  these  appeared  above  the 
soil. 

At  Tallulah,  La.,  Mr.  G.  D.  Smith  planted  a  number  of  seeds 
and  only  one  sprouted.    This  plant  lived  through  the  season. 

EXAMINATION  OF  THURBERU  BOLLS. 

On  March  10,  1914,  the  writer  examined  part  of  a  lot  of  infested 
Thurberia  bolls  which  had  been  collected  by  Messrs.  Schwarz  and 
Barber  at  from  4,500  to  5,000  feet  altitude  in  Stone  Cabin  Canyon, 
Santa  Rita  Mountains,  Ariz.,  on  December  6,  1913.  These  bolls 
were  shipped  to  Washington  shortly  after  collection  and  placed  in  a 
cool  cellar  there  imtil  the  day  of  examination.    Seventy-seven  of 
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the  boUs  yielded  a  total  of  84  live  weevils;  one  containing  3,  5  others 
containing  2  each,  and  the  remainder  containing  1  each.  One  boll 
had  been  completely  eaten  out  by  a  boUworm,  and  another  showed 
signs  of  weevil  injury  and  a  braconid  parasite  cocoon.  Two  dead 
pupse  and  2  dead  larvsB  were  found  in  4  other  bolls.  Their 
deaths  were  in  all  probability  due  to  climatic  causes.  The  remaining 
boU  contained  signs  of  weevil  larval  work,  but  no  insects,  cither 
dead  or  alive,  were  found.  One  boU  which  contained  a  weevil  adult 
also  contained  a  tiny,  hght-green  lepidopterous  larva. 
'  Of  the  84  weevils  found  in  the  bolls,  52  were  males  and  32  were 
females.  One  additional  male  was  found  crawling  among  the 
bolls  when  the  bag  was  opened.  Those  in  the  bolls  were  all  tightly 
sealed  in  the  pupal  ceDs  and  were  usually  quiet  when  first  opened. 
As  soon  as  the  weevils  were  exposed  to  the  air  they  became  quite 
active  and  remained  that  way. 

The  peculiar  feeding  habit  of  the  larvae  of  these  weevils  is  certainly- 
well  adapted  to  destroying  the  maximum  number  of  seeds  in  a 
boll.  They  do  practically  all  their  feeding  in  the  center  of  the 
boll  and  form  the  pupal  cells  in  this  same  place.  Owing  to  the 
arrangement  of  the  seeds  this  location  of  the  larva  enables  it  to 
injure  practically  every  seed  in  the  boll  instead  of  injuring  those 
of  one  lock  as  is  usual  with  the  cotton  weevils. 

On  March  12,  1914,  another  lot  of  infested  Thurberia  bolls  were 
examined.  These  were  coUected  by  Mr.  Schwarz  in  a  small  canyon 
between  Stone  Cabin  and  Sawmill  Canyons,  Santa  Rita  Moimtains, 
Ariz.,  on  December  7,  1913,  at  about  3,900  feet  altitude.  The  bolls 
were  sent  to  Washington  soon  after  coUection  and  had  been  in  a 
cool  cellar  from  that  time  until  examined. 

Examination  of  39  of  the  bolls  showed  2  clean  and  the  remainder 
infested.  Thirty-three  bolls  yielded  36  live  weevils,  3  bolls  contain- 
ing 2  each.  Three  dead  adults  (2  females  and  1  male)  were  found 
in  as  many  bolls.  These  deaths  were  probably  due  to  climatic  causes. 
One  boll  was  found  which  showed  signs  of  larval  injury  but  the  larva 
was  not  to  be  found.  No  signs  of  parasitism  were  found.  One 
lepidopterous  larva  like  the  one  noted  in  the  preceding  lot  was  found 
in  a  boll  with  a  weevil.  The  live  weevils  consisted  of  18  males  and 
18  females. 
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INTRODUCTION. 

This  bulletin  presents  statistics  showing  the  production  of  lumber 
in  the  United  States  in  1913.  A  preliminary  report  issued  in  1914 
gave  the  basic  information  obtained  in  this  census  and  it  is  the  pur- 
pose of  this  publication  to  complete  the  record  through  a  much  more 
detailed  presentation  of  the  figures. 

For  several  years  previous  to  1913  lumber  production  statistics 
were  collected  by  the  Bureau  of  the  Census  in  cooperation  with  the 
Forest  Service,  but  the  figures  for  1913  were  collected  by  the  Bureau 
of  Crop  Estimates  of  the  Department  of  Agricidture  in  cooperation 
with  the  Forest  Service.  The  work  will  be  resumed  by  the  Bureau  of 
the  Census  for  1914. 

It  was  necessary  to  rely  chiefly  upon  correspondence  in  securing 
reports  from  the  mills.  As  in  former  years,  the  New  York  statistics 
wwe  furnished  by  the  Conservation  Commission  of  that  State. 

88953«— BnlL  283-15 1 
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Attention  is  called  to  the  fact  that  the  statistics  for  different  years 
are  not  exactly  comparable  on  account  of  the  varying  number  of 
small  mills  which  made  returns  in  the  different  years.  In  1899  and 
1909  the  enumeration  was  exceptionally  complete,  special  agents  of 
the  Bureau  of  the  Census  canvassing  the  mills  in  connection  with  the 
decennial  census  of  maniif  acturers.  Further,  mills  reporting  less  than 
60,000  feet  of  lumber  were  omitted  from  the  statistics  for  1910  and 
later,  and  the  census  of  1904  was  limited  to  merchant  mills,  thus  ex- 
cluding probably  a  somewhat  larger  proportion,  while  for  the  other 
years  previous  to  1910,  except  1904,  all  mills  for  which  reports  were 
secured  are  included  in  the  statistics.  The  figures  for  1907,  1908, 
1910,  1911,  and  1912  were  secured  by  correspondence  methods  which 
make  the  figures  for  those  years  more  nearly  comparable. 

The  census  for  1913  is  characterized  by  the  grouping  of  mills  into 
capacity  classes  and  concentrating  efforts  upon  an  attempt  to  secure 
as  complete  a  census  as  possible  by  correspondence  from  the  mills  in 
the  larger  classes,  without  attempting  to  follow  up  reports  from 
thousands  of  small  miUs.  It  is  believed  that  if  the  figures  axe  separated 
in  this  manner  in  this  and  succeeding  presentations  of  annual  lumber 
statistics  a  ready  means  of  comparison  of  the  production  of  the  mills 
in  different  years  wiU  be  afforded,  even  though  the  number  of  small 
mills  reporting  may  vary  considerably. 

Table  1  shows  the  lumber  cut  for  each  year  since  1899  from  which 
data  have  been  compiled  and  the  nimiber  of  active  mills  reporting 
each  year. 

Table  1. — Number  of  active  mUls  reporting  and  quantity  of  lumber ^  2899-1913. 


Year. 

Number  of 
active  mills 
repartlng. 

Lumber 

Year. 

Number  of       Lumber 
active  mills     (quantity, 
reporting.  |Hfeetb.m.). 

1913 

121,068 
29,648 
28,107 
31,934 
48,112 

38,387,000 
39,158,414 
87,008,207 
40,018,282 
44,609,761 

1906 

31,231 
28,860 
22,393 
18,277 
31,833 

83,2JM,8« 
40,256,154 
37,660,716 
34,135,139 
35,064,166 

1912 

1907 

1911 

1906 

1910 

1904 

1909 

1899 

1 

1  In  1913  the  number  of  active  mills  includes  onlv  those  cutting  lumber,  while  the  figures  for  the  oUmt 
years  include  mills  cutting  lath  and  shingles  as  well  as  lumber. 

In  1913,  21,394  mills  reported  a  production  of  38,387,009,000  board 
feet,  as  against  39,158,414,000  feet  reported  by  29,648  mills  in  1912, 
and  37,003,207,000  feet  reported  by  28,107  mills  in  1911.  Althougli 
about  8,000  fewer  mills  reported  in  1913  than  in  1912  many  were 
exclusively  shingle  mills,  while  most  of  the  lumber  mills  not  report- 
ing were  of  small  capacity  and  the  inclusion  of  their  reports  would  not 
change  the  total  production  in  the  same  ratio. 

The  production  in  1913  of  nearly  as  much  lumber  as  in  1912  is  of 
special  significance  in  view  of  the  business  conditions  which  have 


Digiti 


zed  by  Google 


THE  PBODUCTION  OF  LUMBER  IN  1913.  8 

exBted  in  the  industry.  During  the  first  three  months  of  the  year 
the  lumber  trade  was  much  improved,  but  in  the  second  quarter  the 
demand  for  lumber  fell  ofif  noticeably.  Further  weakening  in  the 
demand  during  the  sunmier  led  to  decreased  production  in  the 
yeDow-pine  and  Douglas-fir  regions  for  short  periods.  The  fall 
demand  did  not  improve.  In  general  the  year  was  one  of  over- 
production and  slack  business  in  the  principal  lumber  maniif  acturing 
r^ons. 

Notwithstanding  temporary  decreases  in  the  production  of  yellow 
pine  and  Douglas  fir,  the  reported  cut  of  yellow  pine  was  about 
seven-tenths  of  1  per  cent  and  of  Douglas  fir  about  7i  per  cent  greater 
in  1913  than  in  1912.  The  cut  of  Douglas  fir  in  1913  was  the  largest 
ever  reported,  while  the  1913  cut  of  yellow  pine  was  second  only  to 
that  of  1909.  Had  not  enforced  curtailment  in  the  output  of  these 
two  woods  been  necessary,  the  total  lumber  production  of  1913  would 
undoubtedly  have  exceeded  that  of  1912.  In  fact,  had  not  the  cut  of 
white  pine,  hemlock,  spruce,  oak,  and  maple  decUned  in  1913,  the 
increased  cut  of  yellow  pine,  Douglas  fir,  cypress,  and  red  gum  in  that 
year  woidd  have  carried  the  total  lumber  production  beyond  that 
for  1912. 

The  increased  cut  of  certain  woods  is  reflected  in  the  increased 
production  of  Washington,  Oregon,  and  the  lower  Mississippi  Valley 
States,  while  the  decreased  cut  of  other  woods  is  reflected  in  the  de- 
creased production  of  the  Northern,  Central,  and  Atlantic  States. 
The  reported  production  of  4,592,055,000  feet  in  Washington  in  1913 
was  the  largest  ever  recorded  for  that  State  or  any  other  State.  The 
largest  production  previously  reported  by  one  State  was  that  of 
4,311,240,000  feet  in  1890,  by  Michigan. 

Of  the  total  reported  production  of  lumber,  softwoods  contributed 
30,302,549,000  feet  board  measure  in  1913,  as  against  30,526,416,000 
feet  m  1912,  and  28,902,388,000  feet  in  1911. 

Table  2  shows  the  total  production  of  lumber  in  1913  by  production 
classes  of  sawmills.  It  will  be  noted  that  mills  having  an  annual 
production  of  less  than  50,000  feet  are  not  considered  in  this  report.  If 
reports  from  such  mills  had  been  included  the  total  production  would 
probably  not  have  been  increased  by  more  than  one-half  of  1  per 
cent,  since  in  1909  when  the  production  of  such  mills  was  included  it 
was  foxmd  that  although  there  were  4,543  such  mills  they  cut  but 
three-tenths  of  1  per  cent  of  the  total  lumber  produced.  Table  2 
shows  the  importance  of  the  large  sawmill  in  furnishing  the  country's 
supply  of  lumber,  and  it  also  shows  how  practically  correct  figures  on 
hmiber  production  can  be  secured  by  getting  reports  from  mills  of 
Uie  largest  two  or  three  classes  only. 
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Fio.  1.— Production  of  the  differont  kinds  of  lumber,  by  States,  for  the  calendar  year  1913. 

[The  squares  printed  on  the  map  represent  the  total  production  of  lumber  in  the  several  States;  the 
two  parts  of  the  squares  separated  by  the  vertical  dividing  lines  represent  the  prodoction  of  softwood  (B) 
gnd  hardwood  (H),  respectively.] 
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ONC  BIU.ION  rCCT  BQMD  MEASURE 
6  fCmCSEKTED  BY  THIS  SQUARE 


Fio.  la.— Prodaction  of  the  different  kinds  of  lumber,  by  States,  for  the  calendar  year  1013. 

(The  squares  printed  on  the  map  represent  the  total  production  of  lumber  in  the  several  States;  tfaa 
two  parts  of  the  squares  separated  by  the  vertical  dividing  lines  represent  the  production  of  softwood  (S) 
sod  hardwood  (H),  respectively.] 
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Table  2. —  Total  production  of  lumber  in  191S  by  produedon  clas9e9  o/mwrnUlB. 


Production  group  classes. 


Number 

of  mills 

report  ing. 


Percent 
of  total 
number 
of  mills 
reporting. 


Reported 
cut. 


Percent 
of  total 

cut. 


United  States 

Cnass  5—10,000  M  board  feet  and  over . 
Class  4-^,000  M  to  10.000  M  board  feet 
Class  3-1,000  M  to  6,000  M  board  feet. 
Class  2-^600  M  to  1,000  M  board  leet. . . 
Class  1--60M  to  600  M  board  feet 


21,668 


100.0 


Tkimtttnd 
Itoardfert. 
38,387.009 


loao 


974 

740 

8,265 

8,148 

18,541 


4.5 
8.4 
15.1 
14.5 
62.5 


23,211,067 
4,803,122 
6,819,753 
2,049,642 
2,602,825 


oa5 

11.2 
16w6 
5.3 
6.5 


Table  3  shows  the  production  by  capacity  classes,  as  does  Table  2, 
but  here  the  amounts  are  listed  by  kinds  of  woods.  This  table  shows 
that  the  quantity  of  each  kind  of  lumber  sawed  by  the  different 
capacity  classes  of  sawmills  indicates  that  about  60  per  cent  of  the 
total  lumber  production  in  1913  was  sawed  by  mills  cutting  10,000,000 
feet  and  over  annually.  Some  of  these  mills  cut  but  one  kind  of  wood, 
such  as  yellow  pine  or  Douglas  fir,  but  others  cut  several  kinds,  as 
in  the  case  of  hemlock  and  hardwood  mills  in  the  Lake  States.  The 
table,  therefore,  should  not  be  interpreted  to  indicate  the  existence 
of  mills  of  any  class  sawing  any  wood  exclusively.  Mills  sawing 
10,000,000  feet  and  over  annually  sawed  in  1909,  the  only  other  year 
for  which  such  figures  are  available,  19,125,123,000  feet,  or  43  per 
cent  of  the  total  quantity  of  lumber  cut  in  that  year,  while  mills  of 
the  other  classes  produced  somewhat  larger  proportions  of  the  total 
lumber  cut  than  in  1913. 

Table  3. — Lumber  sawed. 
(M  feet  b.  m.) 


Kind  of  wood. 


1.  Yellow  pine... 

2.  Douglas  fir 

8.  Oak. 

4.  White  pine.... 

5.  Hemlock 

6.  Western  pine . 
7  Cypress 

8.  Sprace 

9.  kiaple 

10.  Red  gum. 

11.  Yellow  poplar.. 

12.  Hedwood 

13.  Chestnut 

14.  Larch 

15.  Birch 

16.  Beech 

17.  Cedar 

18.  Basswood 

19.  Elm 

20.  Cottonwood... 

21.  Ash 

22.  Hickory 


1913 


Mills 
sawing 
10,OOOM 
and  over 

an- 
nually— 
Group  5. 


^ 256, 536 

1,771,302 

557,414 

,659,990 

,673,094 

855,385 

864,700 

643,752 

429,317 

277,591 

185,252 

478, 527 

118,  791 

301,796 

170, 376 

94,641 

277,087 

107, 615 

70,360 

88,280 

52,146 

14,726 


Mills 
sawing 
6.000  M  to 
10,000  M 

an- 
nually— 
Group  4. 


1,732,716 
408,387 
486, 152 
147, 732 
245,454 
127,964 
108,420 
132, 716 
99,198 
196,056 
119,647 
26,485 
76, 491 
46,369 
49,954 
29,411 
36,341 
36,833 
22,193 
56,  469, 
39,096 
12,3251 


Mills 
sawing 
1,000  M  to 
6,000  M 

an- 
nually— 
Group  3. 


2,657,104 

286,631 

006,194 

442,551 

265,776 

166,701 

101, 494 

166,243 

184,068 

206,059 

160,211 

4,250 

142,563 

27,594 

91,736 

93,866 

30,056 

42,777 

44,222 

38,632 

63,586 

72,047i 


56,990 

do,vio 
90,593 

365,501 

435,250 

7,546 

7,414 

358,444 

329,000 

23,386 

47,592 

257,102 

296,717 

21, 974 

55,774 

214,532 

262,141 
227,477 

7,522 

18,036 

208,038 

22,010 

30,379 

207,816 

284,548 

27,43i^ 

36,444 

162,980 

278,757] 

403,881 
S74,gaS 
904.821 
2aS,lQB 
198.039 
214,388 
240,217 
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1013 

Total 
1012. 

Kind  of  wood. 

sawing 
lO.OOOH 
and  over 

an- 
nually— 
Group  6. 

Mills 

6,00^Ko 
10,000  M 

an- 
nually— 
Qroup  4. 

Mills 

sawing 

1,000  Mlo 

5,000  M 

an- 
nually— 
Groups. 

Mnis 

sawing 
600  Mfo 

1,000  M 

an- 
nually— 
Group  2. 

Mills 
sawing 
50Mto 
500  M 
an- 
nually— 
Group  1. 

Total. 

Total 
1011. 

28.  Sofarplne 

24.  Tupelo 

134,306 
67,801 
34,241 
75,346 
4,668 
22,750 
11,660 

4,175 
27,050 
7^,438 
4683 
5,880 
8,004 
2,727 

10,233 

10,077 

24  880 

5,020 

10,024 

4,410 

5,207 

12  025 

3  880 

1804 

3,775 

200 

424 

277 

504 

1,125 

1,000 

367 

632 

3,108 

13,233 

1.255 

4,463 

615 

2,767 

1,020 

1,421 

347 

13 

42 

347 

220 

260 

244 

175 

50 

162 

400 

1,485 

13,061 

1  805 

5,650 

482 

8,444 

6,161 

2,850 

1,000 

301 

250 

625 

106 

660 

337 

504 

323 

486 

140,026 

120,420 

03,752 

88,100 

40,565 

86,261 

30,804 

20,106 

14,126 

6,422 

5,507 

4;  753 

3,424 

3,268 

2,115 

1,964 

1,004 

1,378 

1,000 

1,000 

750 

525 

200 

104 

133 

126 

50 

35 

35 

25 

5 

5 

4 

2 

1 

132,416 

122,545 

84,261 

122,613 

43,083 

20  200 

40,468 

22,030 

22,245 

13,742 

5,068 

.    2,061 

1,081 

122 

157 

633 

1,577 

2,584 

117,087 
08,142 
83,375 

124,307 
38,203 
21,328 
42,836 
33,014 
21,422 
11,787 

21.  Babam  fir. 

28.  WWUflr 

17.  Wnipnt            .   . 

l&lfalioeany 

Si.  Syoamore 

W.  Lodgfpole  pine. . . 

81.  Cheny     . .'. 

5,206 

'■IS 

40 
510 
640 

10 

802 
048 
206 
700 
1,168 
1606 
309 
280 

IS.  Bockere 

II.Locast 

5,450 

K  woh>w  ... 

i;i3o 

H.  Cucumber 

fl.  M^ftAiie  

2,418 

17.  Hackbenj 

M.  Penimmoii 

40.  Dogwood. 

41.  Pecan. 

75 
1,000 

42.  Blxmy        

a.8pantahoedar.... 
44.  Alder 

750 

20 

506 
209 

IS.  Apple 

178 

306 

150 

16 

75 

46.  Sflra-beUL. 

104 

IT.Jeoteero    

100 
60 

33 
12 
50 
85 
10 
25 

48.  BanalnM 

4 

46 

15 

fO  HomtMwn 

51.  Boisd'Arc  . 

25 

311 

1,210 

12,  Madn>n» 

O.  Coff eetree    . . . 

5 
4 

•4.  Mulbemr 

1 

1 

IS.  Crabapple 

4 
1 
1 

M.  Ironwood. -- 

1 

f7.  Chinqniipin ...... 

Minor  speclee,  1012 
and  1011 

1,700 

4,868 

1 

Total        

23,211,667 

4,303,1221  6.310.753 

2,040,642 

2,602,826 

38,387,000 

30,158,414 

37,008,207 

Table  4  shows  the  lumber  production  by  States  for  the  years  1913, 
1912,  and  1911,  and  also  shows  the  number  of  active  mills  reporting 
in  each  year. 

Table  4. — Number  of  active  lumber  mills  reporting  and  quantity  of  lumber  sawed^  by 

States,  19 IS,  1912,  and  1911. 


reporting. 

Lumber  sawed  (M  feet  b.  m.). 

Number 
of  mills 

State. 

1013 

1012 

1011 

1013 

1012 

1011 

reporting 
idle,  1013. 

United  States. 

21,668 

20,648 

28,107 

38,387,000 

39,158,414 

37,005,207 

4,674 

WMTifnrton 

469 
408 
670 
406 
341 

1,531 
808 
816 
612 

1,574 
678 
532 
141 
354 
203 

788 

460 

052 

480 

450 

2,418 

1,145 

1,240 

702 

2,126 

061 

702 

220 

484 

307 

777 

502 

908 

522 

430 

2,071 

1,127 

1  112 

771 

2,005 

994 

706 

222 

467 

205 

4,592,053 
4,161,560 
2,610,581 
2,098,467 
2,081,471 
1,957,258 
1,911,647 
1,523,936 
1,493,353 
1,273,953 
1,249,559 
1,222,983 
1,183,380 
1,149,704 
1,065,047 

4,099,776 
3,876,211 
2,381,898 
1,916,160 
1,902,201 
2,193,308 
1,821,811 
1,378,151 
1,498,876 
1,569,997 
1,318,732 
1,488,827 
1,203,059 
1,436,726 
1,067,525 

4,064,754 
3,566,456 
2,041,615 
1,803,698 
1,681,080 
1,798,724 
1,777,308 
1,226,212 
1,761,986 
1,350,790 
1,387,786 
1,466.764 
1,207,661 
1,485,015 
983,824 

51 

T^n^HH^f 

75 

Hirt<fvippi 

162 

Oregon 

125 

Texas .,, 

70 

North  Carolina 

305 

Arkanssf            . . . , 

168 

214 

WiKonsin 

137 

VMp% 

348 

WestVlnrfaiia 

153 

Mfchipm^:::::: 

06 

OlffrMHh                      

84 

Mh^^- 

87 

Iterida.!'.  .:. 

64 
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Table  4. — Number  of  active  lumber  mUU  reporting  and  quantity  of  lumber  Mwed,  by 
States,  191S,  1912,  and  iPll— Continued. 


8t4te. 


Number  of  active  mills 
reporting. 


1913 


1912 


1911 


Lumber  sawed  (M  feet  b.  m.). 


1913 


1912 


1911 


Number 
of  mills 
reporting 
idle,  1913. 


Tennessee 

Qeorgio. 

Maine 

Pennsylvania 

South  Carolina. . 

Idaho 

Kentucky 

New  York 

Missouri 

Ohio 

Montana 

Indiana 

New  Hampshire. 
Massachusetts... 

Vermont 

Maryland 

Oklahoma 

Illinois 

Connecticut 

Arixona 

Colorado 

New  Mexico 

New  Jersey 

Iowa 

South  Dakota... 

Delaware 

Rhode  Island 

Wyoming 

Utah 

All  other  States  1 


1,155 

688 

686 

1,159 

497 

161 

1,061 

1,917 

844 

826 

109 

605 

305 

312 

363 

258 

113 

275 

177 

14 

89 

28 

94 

111 

15 

44 

15 

57 

39 

9 


1,667 

1,117 

826 

1,724 

750 

202 

1,386 

1,487 

1,210 

1,156 

118 

978 

441 

420 

607 

404 

200 

463 

215 

12 

135 

41 

146 

157 

28 

86 

22 

56 

59 

12 


1,636 

952 

817 

1,636 

641 

209 

1,452 

1,520 

1,112 

1,009 

126 

915 

897 

430 

498 

389 

174 

394 

218 

12 

156 

47 

136 

160 

28 

82 

20 

75 

62 

5 


872,311 

844,284 

834,673 

781,647 

752,184 

652,616 

641,531 

457,720 

416,608 

414,943 

357,974 

382,993 

309,424 

224,580 

194,647 

140,469 

140,284 

102,902 

93,730 

77,363 

74,602 

65,818 

27,248 

21,676 

19,103 

18,039 

14,984 

12,940 

6,403 

19,461 


932,572 
941,291 
882,128 
992,180 
816,930 
713,675 
641,296 
602,351 
422,470 
499,834 
272,174 
401,017 
479,499 
259,329 
235,983 
174,320 
168,806 
122,528 
109,251 
76,287 
88,451 
82,650 
34,810 
46,593 
20,986 
28,285 
14,421 
13,560 
9,055 
22,525 


914,679 

801,611 

828,417 

1,048,606 

584,872 

765,670 

632,415 

526,283 

418,586 

427,161 

228.416 

360,613 

388,619 

273,317 

239,254 

144,078 

143,869 

96,651 

124,661 

73,139 

95,908 

83,728 

28,639 

60,974 

13,046 

23,853 

9,016 

83,309 

10,573 

11,786 


225 
209 

76 
371 
120 

67 
24» 


204 
161 
81 
145 
6« 
85 
«S 
10 

» 

96 
43 
0 
75 
U 


11 
15 

4 
17 
20 

2 


1  Includes  Kansas^  Nebraska,  and  Nevada. 

Table  5  shows  the  lumber  production  by  kinds  of  wood  for  the 
years  1913, 1912,  and  1911,  and  also  the  percent  of  increase  and  the 
per  cent  of  distribution  for  each  year. 

Tablb  5. — Quaniity  o/lurriber  sawed,  vnth  percent  of  increase  and  per  cent  of  distribution, 
by  hinds  of  wood,  1913,  1912,  and  1911. 


Kind  of  wood. 


Quantity  (M  feet  b.  m.). 


1918 


1912 


1911 


Percentofln- 
crease.i 


1912  to 
1913 


1911  to 
1912 


Per  cent  of  distribu- 
tion. 


1913 


1912 


1911 


TotaL 

Yellow  pfaie... 

Douglas  fir 

Oak 

White  pine.... 

Hemlock 

Western  pine., 

Cypress 

Spruce 

Maple 

Red  gum. 

Yellow  poplar. 

Redwood 

Chestnut 

Larch 

Bfrch 

Beech 

Cedar 

Basswcod 

Elm 

C4)ttonwood... 

Ash 

Hickory , 


387,009     39,158,414     37,003,207         -  2.0 


6.8 


100.0 


100.0 


lOOLO 


63 

14,737, 

96 

5,175, 

18 

1,318, 

36 

3,188, 

82 

2,426, 

28 

1,219, 

47 

997, 

16 

1,238, 

S7 

1,020, 

14 

094, 

76 

623, 

71 

496, 

[)2 

554, 

73 

407, 

39 

388, 

}1 

435; 

14 

329, 

-„.,.02 

296, 

214,532 

262, 

208,988 

227, 

207,816 

231, 

162,980 

278, 

,052 
,123 
1,952 
i,227 
i,554 
,444 
,227 
,600 
1,864 
,260 
,289 
,796 
,230 
,064 
1,272 
,250 
,000 
,717 
,141 
,477 
,548 
,767 


^  A  minus  sign  (— 


896,706 
054,243 
098,444 
230,584 
555,308 
330,700 
981,527 
261,728 
951,667 
582,967 
659, 475 
489,768 
529,022 
368,216 
432, 571 
408,881 
874,925 
304,621 
236,108 
198,629 
214,398 
240, 217 

)  denotes 


.7 
7.4 

-  8.2 
-18.2 

-  4.4 
8.2 

10.0 
-15.5 
-11.7 

11.3 

-  .5 
2.7 

-  8.7 

-  2.9 

-  2.5 
-16.0 

8.9 
-13.4 
-18.2 

-  8.1 
-11.4 
-41.5 

decrease. 


14.3 
2.4 
7.1 

-  2.9 

-  5.0 
-8.4 

1.6 

-1.8 

7.3 

19.1 

-  5.6 
1.4 
4.8 

10.6 

-10.2 

7.8 

-12.2 

-  2,6 
11.0 
14.5 

9.4 
16.0 


38.7 

14.5 

8.4 

6.7 

6.0 

8.3 

2.9 

2.7 

2.4 

2.0 

1.6 

L8 

1.3 

LO 

1.0 

LO 

.9 

.7 

.6 

.6 

.5 

.4 


37.6 
13.2 
8.5 
8.0 
6.2 
3.1 
2.5 
S.S 
2.6 
L8 
L6 
L8 
L4 
LO 
LO 
LI 
.8 
.8 
.7 
.6 
.6 
.7 


34.9 

13.7 

&4 

8.7 

6.9 

3.6 

2.7 

3.4 

2.6 

L6 

L8 

L3 

L4 

LO 

L2 

LI 

LO 

.8 

.6 

.5 

.6 

.6 
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Table  5. — Qtumtity  of  lumber  sawed,  with  per  cent  of  increase  and  per  cent  ofdistribudon^ 
by  kinds  of  wood,  191S,  1912,  and  79/ /—Continued. 


Kind  of  wood. 

Quantity  (M  feet  b.  m.). 

Per  cent  of  in- 
crease. 

Per  cent  of  distribu- 
tion. 

1013 

1012 

1011 

1912  to 
1013 

1911  to 
1012 

1013 

1012 

1011 

fJMHtr  nfne 

140,096 
120,420 
93,752 
88,100 
40,565 
30,804 
20,106 
85,366 

133,416 
122,545 
84,361 
122,613 
43,088 
40,468 
23,080 
82,145 

117,087 
08,142 
83,375 

124,307 
38,203 
42,886 
33,014 
60,548 

13.2 

-  1.7 
11.3 

-28.1 

-  5.8 
-37.7 

-  8.8 
3.0 

12.2 

24.0 

1.1 

-  1.4 
12.5 
15.5 

-33.2 
18.1 

a4 

.8 
.2 
.2 
.1 
.1 
.1 
.2 

a3 

as 

Topelo 

Fmhftmflr 

WUtefir 

Wafaiot 

Ifinor  species  1 

1  See  Table  34  for  kinds  of  wood  included  and  quantities  of  the  more  important  kinds. 
YELLOW  PINE. 

Yellow-pine  lumber  is  cut  from  a  number  of  species  growmg  east  of 
tiie  Rocky  Mountains.  Three  of  them  furnish  most  of  the  material, 
although  the  minor  species  are  cut  to  a  limited  extent.  There  is  a 
growing  tendency  to  purchase  southern  yellow  pine  under  specifica- 
tions which  designate  the  quality  of  the  wood  desired  for  the  pur- 
pose, irrespective  of  species,  to  avoid  the  present  confusion  at  lumber 
inspection  points.     The  several  species  with  their  ranges  follow: 

Longleaf  pine  (Pimts  palustris)  occurs  on  the  coastal  plains  from 
extreme  southeast  Virginia  to  Texas,  and  in  the  whole  Florida  peninsula 
except  the  extreme  southern  part. 

Shortleaf  pine  {Pinus  echinata)  has  its  range  north  of  that  of  longleaf, 
as  far  as  New  York,  but  Ukewise  extending  from  the  Atlantic  coast 
to  Texas  and  Oklahoma,  and  running  northward  to  southern  Mis- 
souri, West  Virginia,  and  New  Jersey. 

Loblolly  pine  {Pinus  ia^da)  grows  in  approximately  the  same  region 
as  longleaf,  as. far  north  as  New  Jersey,  but  not  in  as  large  soUd  bodies 
and  it  is  found  farther  north  and  west  than  longleaf  pine.  This  and 
the  two  preceding  species  furnish  the  bulk  of  yellow-pine  lumber. 

Slash  pine  {Pinus  JieterophyUa) ,  sometimes  called  Cuban  pine, 
ranges  throughout  Florida,  northward  to  South  CaroUna,  and  west- 
ward to  Mississippi. 

Spruce  pine  {Pinus  glabra)  ranges  through  southern  South  Carohna, 
the  southern  portions  of  Georgia,  Alabama,  and  Mississippi,  south- 
eastern Louisiana  and  northwestern  Florida. 

Pond  pine  {Pinus  serotiTw)  is  foimd  along  the  coast  and  a  hundred 
miles  or^o  inland  from  southern  Virginia  to  western  Florida,  but  not 
in  the  southern  half  of  the  Florida  peninsula. 

Sand  pine  {Pinus  dausa)  is  confined  almost  wholly  to  Florida  and 
southern  Alabama. 

Scrub  pine  {Pinus  virginiana)  occurs  from  northern  New  Jersey  to 
southern  Indiana  and  southward  to  central  Georgia. 

Pitch  pine  {Pinus  rigida)  occurs  from  Georgia  to  New  Brunswick 
and  westward  to  Tennessee  and  Ohio. 
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Table  Mountain  pine  {Pinna  pungens)  grows  among  the  Appalachian 
ranges  from  northeastern  Pennsylvania  to  northern  Georgia. 

Longleaf  pine  is  milled  mostly  in  the  Gulf  States,  including  Georgia 
and  Florida.  The  yellow  pine  produced  by  mills  in  Arkansas  and 
the  lumber  known  commercially  as  North  Carolina  pine  and  coming 
from  Virginia,  North  Carolina,  and  South  Carolina  include  both  lob- 
lolly pine  and  shortleaf  pine.  Slash  pine  {Pinus  TieterophyUa) ,  a  wood 
of  many  excellent  qualities,  is  cut  to  some  extent  in  Florida  and  other 
southeastern  States  and  is  usually  sold  along  with  longleaf  pine. 

There  are  a  nimiber  of  yellow  pines  in  the  West  which  are  not  in  the 
same  commwcial  group  as  those  of  the  East  and  South.  One  of 
them,  called  western  yellow  pine  {Pinua  ponderosa)  is  specially 
reported  in  Table  1 1 ;  the  others  are  at  present  of  little  importance  in 
the  lumber  output. 

Table  6  shows  the  production  of  yellow  pine  by  States  in  the  year 
1913  and  also  the  nimiber  of  active  miUs  in  each  State. 
Table  6. —  Yelhw'pine  lumber  sawed. 


state. 


Nomber 
of  active 
mills  re- 
porting. 


Quantity 
(Mfeet 
km,). 


Percent 
ofdistrS- 
bation. 


United  States. 


7,639 


14,839,303 


100.0 


Louisiana 

Mississippi 

Texas 

North  Carolina. . 

Alabama 

Arkansas 

Florida 

Virginia 

Georgia 

South  Carolina. . 

Oklahoma 

Maryland 

Tennessee 

Missouri 

All  other  States! 


399 
540 
317 

1,523 
744 
467 
193 

1,028 
671 
492 
55 
165 
343 
130 
678 


3,093,375 

2,234,711 

2,034,231 

1,515,103 

1,395,059 

1,174,498 

923,873 

810,363 

662,043 

635,436 

120,860 

65,143 

60,137 

57,023 

78,520 


aous 

15.0 

13.7 

10.2 

9.4 

7.0 

6.2 

5.6 

4.5 

4.3 

.8 

.4 

.4 

.4 

.5 


1  Includes  establishments  distributed  as  follows:  Connecticut,  24;  Delaware,  35;  Illinois,  8;  Indlana22; 
Iowa,  2;  Kentucky,  195;  Maine,  25;  Massachusetts,  30;  New  Hampshire,  8;  New  J«C8ey,  4i6;  Ohio,  aS; 
Pennsylvania,  193;  Rhode  Island,  6;  Vermont,  3;  and  West  Virginia,  86. 

DOUGLAS  HR. 

Douglas  fir  {Pseudotauga  taxijolia)  yields  more  lumber  annually 
than  any  other  single  species  of  the  United  States.     The  best  stands 
of  timber  are  found  in  the  northwestern  coast  States  but  Douglas 
fir  is  also  cut  to  some  extent  in  the  Rocky  Mountain  region. 
Table  7. — Douglas  Jir  lumber  sawed. 


state. 


Number 
of  active 
mUlsre* 
porting. 


Quantity 
[Mfeet 

>.  m.). 


S* 


Percent 
of  distrf. 
batkm. 


United  States. 


Washington 

Oregon 

California 

Idaho 

Montana 

All  other  States  1. 


980 


5,556,096 


loao 


319 
69 

108 
68 
23 


8,615,430 

1,675,391 

132,176 

67,112 

63,494 

2,498 


W  ^'^^^'^^g®^^^"***™*^^  distributed  as  follows:  Arirona,  2;  Colorado,  7;  New  Mexico,  2;  Utah,  4;  ^,j^j 
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OAK. 

While  tho  sawmill  statistics  group  all  oak  timber  as  if  it  were  cut 
from  a  single  species,  there  are,  in  fact,  50  or  more  kinds  of  oak  in 
the  United  States,  divided  nearly  equally  between  white  and  red  oaks, 
Uie  two  classes  generally  recognized  commercially.  The  bulk  of  oak 
lumber  is  cut  from  less  than  a  dozen  species.  The  wood  of  the  red 
oaks  is  usually  tinged  with  red,  hence  the  name.  The  largest  part  of 
the  country's  oak  lumber  is  furnished  by  the  following  trees: 

White  oak  (Quercus  alba)  is  the  common  tree  of  the  name  in  the 
eastern  half  of  the  United  States.  It  is  as  widely  dispersed  as  any 
other. 

Post  oak  (Qitercubs  minor)  has  practically  the  same  range  as  common 
white  oak  but  is  less  abundant. 

Bur  oak  (Qitereus  mdcrocarpa)  occurs  from  the  northern  Atlantic 
coast  to  the  eastern  base  of  the  Rocky  Moimtains  in  Montana,  and 
southward  to  Tennessee  and  Texas. 

Overcup  or  forked-leaf  white  oak  (Quercus  lyrata)  is  the  most 
important  of  the  southern  white  oaks.  Its  best  development  is  in 
the  lower  Mississippi  Valley. 

Cow  or  basket  oak  {Quercus  micJiatmi)  is  confined  principally  to 
the  States  south  of  the  Ohio  and  Potomac  Rivers. 

Chestnut  oak  (Qtbercus  prinus)  ranges  through  the  northeastern 
States,  extending  a  hundred  miles  or  more  westward  of  the  Appa^ 
lachian  Mountains  and  southward  to  Alabama. 

The  foregoing  are  white  oaks,  and  are  so  classed  in  the  forest  wd  at 
the  mill  yard.    The  six  species  which  foUow  are  red  oaks: 

The  common  red  oak  {Quercus  rubra)  is  a  northern  tree  ranging 
from  Nova  Scotia  to  Nebraska  and  along  the  moimtains  to  northern 
Geoi^a. 

Texas  red  oak  or  spotted  oak  {Quercus  texana)  furnishes  the  main 
supply  of  red  oak  lumber  in  the  lower  Mississippi  Valley. 

Pin  oak  {Quercus  pcdustris)  ranges  from  Massachusetts  south- 
westerly to  Oklahoma. 

Scarlet  oak  {Qitercus  cocdnea)  is  a  northern  and  northeastern  tree, 
its  habitat  being  bounded  westward  and  southward  by  Illinois, 
Tennessee,  and  North  Carolina. 

Yellow  or  black  oak  {Quercus  vdutina)  is  foimd  in  most  States  east 
of  the  Rocky  Moimtains,  but  is  more  abundant  in  the  North  than  in 
the  South. 

Willow  or  peach  oak  {Quercus  pheUos)  is  of  commercial  importance 
in  the  Southern  States  only,  but  it  grows  naturally  as  far  north  as  New 
York. 
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Tablb  8. — Oak  lumber  sawed. 


suto. 


Number 
of  active 
mills  r^ 
porting. 


Quantity 
[Mfeet 
).  m.). 


i," 


Percent 
of  dfetrl- 
bution. 


United  States 

West  Virginia.... 

Tennessee 

Arkansas 

Kentucky 

Virginia 

Ohfo 

Mis9Duri 

North  Carolina... 

Pennsylvania 

Indiana 

Mississippi 

Louisiana 

Alabama 

Illinois 

Georgia 

liaryland 

Texas 

Wisconsin 

New  York 

South  Carolina... 

Connecticut 

Maine 

All  other  States  1. 


12,937 


S,  211, 718 


1(».0 


061 

1,073 

462 

1,081 

1,158 

772 

784 

1,007 

919 

665 

258 

94 

383 

269 

828 

196 

90 

334 

871 

158 

160 

153 

1,111 


408,047 

386,132 

299,809 

289,406 

255,109 

207,503 

197,787 

172,972 

106,936 

151,047 

120,365 

118, 199 

67,655 

54.845 

45,294 

36,364 

29,835 

25,133 

24,788 

20,816 

20,320 

16, 161 

97,695 


12L7 

110 

9.S 

9.0 

7.9 

6.5 

6.2 

5.4 

5.9 

4.7 

S.8 

3.7 

2.1 

L7 

L4 

LI 

.9 

.8 

.8 

.7 

.6 

.5 

3.0 


1  Includes  establishments  distributed  as  follows:  California,  5;  Delaware^;  Florida,  7;  Iowa,  92;  KanaM. 
5;  Massachusetts,  176;  Michigan,  201:  Minnesota,  192;  Nebraska,  1;  New  Hampshire,  156;  New  Jersey,  78 
Oklahoma,  79;  Oregon,  10;  Rnode  Island,  14;  Vermont,  64;  and  Washington,  1. 

WHITE  PINE. 

Ltimbermen  group  several  pines  as  white  pine  in  the  yards,  and  one 
or  more  of  them  are  reported  from  28  States.  Two  are  not  the  white 
pines  of  the  botanists,  but  the  lumber  frequently  passes  as  such. 

White  pine  (PintLS  strobus)  is  the  most  used  and  the  best  known 
of  the  white  pines.  It  is  the  familiar  pine  of  this  name  of  the  Lake 
States,  New  York,  New  England,  the  eastern  Canadian  Provinces, 
and  of  the  Appalachian  region  from  Pennsylvania  to  Georgia.  Users 
often  call  it  soft  pine. 

Norway  pine  {Finns  resinosa)^  sometimes  called  red  pine,  is  lum- 
bered principally  in  the  Lake  States,  but  also  farther  east.  Its  range 
is  nearly  coextensive  with  white  pine,  but  it  does  not  follow  the  moun- 
tains much  south  of  New  York.  Botanically  it  is  closely  related  to 
the  yellow  pines.  Certain  grades  are  frequently  marked  as  white  pine 
but  the  wood  has  a  large  market  imder  its  own  name. 

Jack  pine  (Pinus  divaricata)  is  small  and  of  no  great  importance 
as  lumber,  yet  it  helps  to  swell  the  statistics  of  white  pine.  It  is 
found  from  New  Brunswick  to  northern  Indiana  and  Minnesota,  and 
northward  almost  to  the  Arctic  Circle.  It  has  many  local  names, 
among  them  scrub  pine,  black  pine,  and  in  some  parts  of  Canada  has 
been  known  as  cypress  for  200  years. 

Western  white  pine  (Pinus  monticola)  is  the  principal  western  wood 
included  in  the  output  of  white-pine  lumber.  It  occurs  from  Montana 
and  Idaho  to  British  Columbia  and  California,  but  the  largest  output 
is  at  present  credited  to  Idaho.     It  is  occasionally  called  silver  pine. 
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There  are  other  western  pines  belonging  in  the  white  class,  the  best 
known  of  which  is  sugar  pine,  which  is  separately  listed  in  Table  27, 
and  is  discussed  on  a  later  page  of  this  report. 

Table  9. — White  pine  lumber  mwed. 


state. 

Number 
of  active 
mills  re- 
porting. 

Quantity 
(M  feet 
b.  m.). 

Peroent 
of  distri- 
bution. 

UnitedStat«s 

4,071 

2,568,636 

100.0 

Iflimttota 

139 
382 
442 

38 
264 
280 
230 

10 

1,028 

478 

162 

16 
113 
108 
372 

1,027,266 

308,841 

239,303 

227,845 

181,885 

121,739 

101,281 

83,974 

66,201 

57,102 

40,710 

24,606 

17,891 

16,707 

53,786 

40  0 

Wlieomin  

12.0 

Maim 

9.3 

T<1ftl¥?    . 

8.9 

Kfir  W^ifipahln*.  , 

7.1 

4.7 

ifi^iMn   

3.9 

WaBhiPffton . . , 

3.3 

New  York 

2.6 

Pfqitfjiyante 

2.2 

North  Y>»roHn» _                      , 

1.6 

lf«ltf^f?A 

1.9 

TwiKweee „ 

0.7 

Vcnnoat. 

0.6 

A1i4rther8tfttf«i 

2.1 

1  Inehides  establishments  distributed  as  follows:  Colorado,  2;  Connectiout,  70;  Georgia.  21;  Indiana,  2; 
lowSiS;  Kentucky,  20;  liaryland,  10;  Ohio,  2;  Oregon,  7;  Rhode  Island,  13;  South  Carolina,  1;  Virginia, 
Itt;  West  Virginia,  49;  and  Wyoming,  7. 

HEMLOCK. 

Practically  all  of  the  hemlock  that  reaches  market  in  the  United 
States  comes  from  one  eastern  and  one  western  species.  The  former 
is  known  simply  as  hemlock  (Tsuga  canadensis).  It  is  a  northern 
tree,  plentiful  from  Maine  to  Minnesota,  and  following  the  mountain 
ranges  southward  to  the  Carolinas  and  Tennessee.  The  other  species 
is  known  as  western  hemlock  (Tsuga  JieterophyUa)  and  is  found  from 
Montana  to  the  Pacific  coast  and  southward  to  California.  A  scarcer 
western  species  is  the  Mountain  hemlock  (Tsuga  mertensia/na) ,  some- 
times called  black  hemlock.  It  occurs  among  the  northern  Rocky 
Mountains  and  westward  to  the  Pacific.  The  Carolina  hemlock 
{Tsuga  caroliniana)  is  likewise  a  moimtain  tree  and  grows  in  Virginia, 
North  Carolina,  South  Carolina,  and  Tennessee.  The  eastern  and 
the  western  moimtain  hemlocks  are  not  extensively  lumbered.  A 
reference  to  the  States  in  Table  10  will  reveal  the  output  from  the 

other  two. 

Tablb  10. — Hemlock  lumber  sawed. 


State. 

Number 
of  active 
mills  re- 
porting. 

Quantity 
f  M  feet 
b.  m.). 

Percent 
of  distri- 
bution. 

United  States 

4,035 

2,319,982 

100.0 

Wiaeoosin 

351 

323 

440 

106 

114 

1,481 

355 

32 

73 

664,636 
440,430 
328,530 
209.184 
205,604 
121,807 
72,868 
68,218 
42,260 

28.7 

mSSS" 

19.0 

^"vniVTlvania 

14.2 

Widi^MtnD 

9.0 

yf^A  Vininiifc  *  '  ^ 

8.9 

Kfir  TfH 

5.8 

iitiM.^::'':::::::iiiiiiii**'"""*^:!:i:!!"!:!i!!i!iiii 

3.1 

oiiCHi:        :::::::::::::::::::;::::,..:...::;: 

2.9 

1.8 
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Table  10—  Hemlock  lumber  sawed — Continued. 


state. 


North  Ciirolina.. 

Vermont 

New  Hampshire. 
All  other  States'. 


Number 
of  active 
mills  re- 
porting. 


43 
24  S 
183 
287 


Qoantity 
(Mfeet 
b.  m.). 


37,681 
30,827 
30,727 
67,150 


Per  cent 
of  distri- 
bntlon. 


1.0 
1.3 
1.3 
2.9 


»  Includes  establishments  dlslril)iite<l  as  follows:  California,  1;  Connecticut,  50;  Georgia,  2;  Idaho,  3: 
Maryland,  10;  Massachusetts,  108;  Mimiesola,  o;  Montana,  3;  New  Jersey,  3;  Ohio,  12;  ana 


Kentucky,  49; 
Virginia,  41. 


WESTERN  PINE. 


Western  pine  is  the  western  yellow  pine  (Pimis  ponderosa)  which 
covers  a  range  of  a  inilhon  square  miles  from  the  Rocky  Momitains 
westward  to  the  coast,  and  northward  into  Canada  and  southward 
into  Mexico.  It  is  frequently  called  CaUfomia  white  pine,  New 
Mexico  white  pine,  and  western  soft  pine.  It  is  sufficiently  soft  and 
light  to  make  it  a  strong  competitor  of  white  pine  for  many  purposes. 

Table  1 1 . —  Western  pine  lumber  sawed. 


state. 


milis  re-       ^  ^^^ 
porting.  ' 


.m.). 


Per  cent 
of  distri- 
buti(»i. 


United  States          

728 

1,258,528 

100  0 

California 

98 
142 
141 
113 
68 
14 
28 
54 
70 

317,053 

216,665 

192,663 

177,703 

120,414 

76,346 

64,404 

48,  745 

44,535 

25  2 

(Jre^'on , 

17.2 

Washington  

15.8 
14  1 

Idaho 

IfontrftPa          .     ,     . . 

9.6 

A  rizona 

6.1 

NewMexlco 

5  1 

Colorado            

3.9 

All  other  States »  

S.S 

» Includes  establishments  distributed  as  follows.  Nevada,  1;  South  Dakota,  15;  Utah,  27;  and  Wyoming, 
27. 

CYPRESS. 

Bald  cypress  (Taxodium  distichum)  is  the  source  of  the  cypress 
lumber  sawed  in  the  United  States.  It  is  a  southern  tree,  ranging 
from  Delaware  to  Texas  near  the  coast,  and  along  the  valleys  of 
rivers  many  miles  inland.  It  foDows  the  Mississippi  and  the  Ohio 
into  Missouri,  lUinois,  and  Indiana. 

Table  12. — Cypress  lumber  sawed. 


United  States. 


Louisiana 

Florida 

Georgia 

South  Carolina . . . 

Arkansas 

Missouri 

Mississippi.^ 

North  Carolma . . . 

Tennessee 

All  other  States!. 


Number 
of  active 
mills  re- 
porting. 

Quantity 
(Mfeet 
b.  m.). 

Percent 
of  dLstrl- 
bution. 

607 

1,097,247 

100.0 

94 

744,581 

67.9 

41 

100,723 

9.3 

57 

74, 818 

6.8 

43 

39,895 

3.6 

98 

35,964 

3.3 

49 

28,814 

2.6 

54 

25,782 

2.S 

62 

19,213 

1.8 

44 

14,502 

L3 

65 

12,955 

1.3 

1  Includes  establishments  distributed  as  follows:  Alabama,  6;  Illinois,  15;  Indiana,  2;  Kentucky,  17; 
Maryland,  2;  Oklahoma,  2;  Texas,  8;  and  Virghila,  13. 
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SPRUCE. 

While  l^ere  are  a  number  of  spruces  largely  cut  for  lumber,  two 
famish  the  greater  portion.  Red  spruce  (Picea  ruhens)  is  the  princi- 
pal source  of  spruce  lumber  in  New  England,  New  York,  and  West 
Virginia,  while  Sitka  spruce  (Picea  sitchensis)  is  lumbered  on  the 
northern  Pacific  coast.  In  the  Northeast  black  spruce  (Picea  mari- 
ana)  undoubtedly  is  cut  to  a  small  extent  for  lumber,  while  white 
spruce  (Picea  canadensis)  furnishes  practically  all  of  the  lumber  cut 
in  the  Lake  States.  In  the  Rocky  Mountain  region  Engelmann 
spruce  (Picea  engdmanni)  is  the  source  of  spruce  lumber.  Table  13 
shows  the  production  of  spruce  by  States. 

Table  13. — Spruce  lumber  tawed. 


State. 

Number 
of  acUve 
mills  re- 
porting. 

Quantity 
(Mfeet 
b.  m.). 

Percent 
of  distri- 
bution. 

United  States 

1,647 

1,046,816 

100.0 

Mnhm.. 

398 
63 
26 
26 

260 

127 
33 

325 
89 
41 

169 

371,448 
214,843 
134,993 
74,198 
52,030 
43,890 
39,198 
35,490 
31,883 
13,976 
34,864 

36.5 

WMliln9t4Hl 

20.5 

Wtmt  Vl^frifiH. .              

12.9 

Oregon... 

7.1 

V«rnynit - 

5.0 

New  Hainpfihire 

4.3 

3.7 

New  York 

3.4 

mmMfota.     

3.1 

Colorado          

1.3 

Ann^)v«rBtat«ffi 

3.3 

^Inchides  estabUshments  distributed  as  follows:  Arizona,  1;  California,  11;  Connecticut,  2;  Idaho,  7; 
Kentucky,  1;  MJcfaigM,  57;  Montana,  17;  New  Mexico,  7;  North  Carolina,  2;  Pennsylvania,  7;  Tennessee,  1; 
Utah.  7;  Virginia,  4;  Wlsoonsln,  33;  and  Wyoming,  12. 

MAPLE. 

Several  species  of  maple  are  cut  for  lumber  in  this  country,  but 
mills  usually  report  them  as  one,  or,  at  most,  distinguish  the  wood  as 
hard  and  soft.  Maple  lumber  in  the  United  States  is  sawed  chiefly 
from  the  following  species: 

Sugar  or  hard  maple  (Acer  saccharum)  is  more  abimdant  than  any 
other.  It  gro¥in9  in  all  States  east  of  the  Mississippi  River,  and  in  the 
first  tier  of  States  west  of  that  stream  from  Minnesota  to  Texas. 

Silver  or  soft  maple  (Acer  saccharinum)  has  approximately  the 
same  range  as  sugar  maple. 

Red  maple  (Acer  ruhrum)  is  found  in  all  States  east  of  Montana, 
Wyoming,  and  Texas. 

Eastern  species  of  minor  importance  are  moimtain  maple  (Acer 
spicatum),  striped  maple  (Acer  pennsylvanicum)  ^  and  box  elder  (Acer 
neguTido),  while  the  Oregon  maple  (Acer  Tnacrophyllum)  is  cut  in  the 
Pacific  Coast  States. 
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Table  14. —  Maple  lumber  sawed. 


State. 


Number 
of  active 
mills  re- 
porting. 


Quantity 
[Mfeet 
).  m.). 


i" 


Percent 
ofdistrl- 
bation. 


United  Statee. 


I 


5.060 


901,487 


100.0 


Michigan 

WiscoiLsin 

New  York 

West  Virginia..., 

Pennsylvania 

Ohio 

Indiana 

Vermont 

Missouri 

All  other  States^.. 


402 

1,172 
188 
577 
499 
391 
234 
112 

1,096 


402,585 
127,965 
71,554 
69,369 
58.857 
36,272 
29,126 
27,913 
11,999 
65,847 


44.7 
14.  a 
8.0 
7.7 
6.5 
4.0 
3.2 
3.1 
1.3 
7.8 


>  Inchides  estfil)Iishnipnts  distributed  as  follows:  Alabama,  4;  Arkansas,  3fi:  ronnoclicut,  54;  Delaware,  5; 
Georgia,  4:  Illinois.  90;  Iowa.  42;  KaiLsa.^,  1;  Koniuckv,  147;  Louisiana,  2;  Maine,  159;  Maryland,  24;  Massa- 
chusetts, 86;  MinnOvSota,  33;  Mississippi,  14;  New  ifampshire,  117;  New  Jersey,  15;  North  Carolina,  77: 
Oklahoma,  2;  Oregon,  5;  Rhode  Island,  6;  South  Carolma,  9;  Tennessee,  86;  'fexas,  2;  Virginia,  76;  ana 
Washington,  1. 

RED  GUM. 

There  is  but  one  red  gum  (Liquidamhar  styracifltta)  in  the  United 
States.  What  is  commercially  known  as  ^'sap  gmn''  is  the  sapwood 
of  this  tree.  Its  range  is  in  the  south,  principally  in  the  States  of  the 
lower  Mississippi  Valley;  but  on  the  Atlantic  coast  it  grows  northward 
to  Connecticut,  and  in  the  Mississippi  Valley  to  Missouri  and  Illinois. 
Its  southwestern  limit  is  in  Texas  and  its  southeastern  in  Florida. 

Table  15. — Red  gum  lumber  sawed. 


state. 


United  States 

Arkansas 

Mississippi 

Louisiana 

Missoiu'i 

Tennessee 

North  Carolina... 
South  Carolina... 

Kentucky 

Virginia 

Georgia 

Alabama 

Texas 

Florida 

Indiana 

All  other  States » . 


Number 
of  active 
mills  re- 
porting. 


2.266 


261 
165 
67 
121 
275 
167 
62 
263 
158 
69 
83 
45 
13 
182 
332 


Quantity 
(Mfeet 
b.  m.). 


772,514 


250,055 
136,135 
61,404 
50,378 
5.'),620 
38,879 
31,440 
28,943 
21,315 
19,367 
19,013 
13,377 
12,477 
11,491 
19,620 


Percent 
of  distri- 
bution. 


100.0 


32.4 
17.6 
7.9 
7.7 
7.2 
6.0 
4.1 
3.1 
2.8 
2.6 
2.5 
1.7 
1.6 
L5 
2.5 


1  Indades  establishments  distributed  as  follows:  Delaw&rc,  16;  Illinois.  91;  Maryland,  60;  New  Jersey,  O; 
New  York,  2;  Ohio,  75;  Oklahoma,  7;  Pennsylvania,  24;  and  West  Virginia,  48. 

YELLOW  POPLAR. 

Yellow  poplar  (Liriodendron  tulipifera)  is  sometimes  known  as 
white  wood,  poplar,  or  tulip  poplar.  Its  rang©  extends  from  southern 
New  England  to  southern  Michigan,  and  southward  to  Arkansas  and 
Florida.  The  best  growth  is  found  among  the  mountains  of  Tennessee, 
Kentucky,  Virginia,  and  West  Virginia. 
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Table  16. —  YeUcno  poplar  lumber  sawed. 


State. 


Ntunber 
of  active 
mills  re- 
porting. 


Quantity 
(Mfeet 
b.  m.). 


Per  cent 
ofdistri- 
bntlon. 


United  SUtes. 


West  Virginia 

Ttonessee 

Kflotocky 

Virginia 

North  Carolina... 

Ohio 

Georgia. 

Alabama 

Indiana 

6oa&  Carolina. . . 

PeonsylTanla. 

Mississippi 

Aflotbtf  States  1. 


4,099 


620,176 


100.0 


393 
678 
607 
503 
462 
311 
162 
148 
263 

76 
206 

78 
212 


156,188 
112,666 
81,207 
55,537 
51,724 
47,004 
30,005 
25,015 
13,441 
12,494 
11,637 
11,281 
U,177 


25.2 
18.2 
13.1 
9.0 
8.3 
7.7 
4.8 
4.0 
2.2 
2.0 
1.0 
1.8 
1.8 


ilndudes  estabUshments  distributed  as  follows:  Arkansas,  10;  Florida,  7;  Illinois,  24;  Louisiana,  5; 
Maasachoaetts,  11;  Michigan,  18;  Missouri,  12;  New  Jersey,  25;  Connecticut,  33;  Delaware,  8;  and  Mary- 
land, 50. 

REDWOOD. 

Two  closely  related  trees  supply  the  redwood  lumber  on  the  market 
in  this  country.  Both  are  confined  to  California,  one  in  the  Sierra 
Nevada  Mountains  and  the  other  near  the  coast.  The  bigtree 
(Sequoia  wdshingtoniana)  is  the  largest  tree  species  in  this  country, 
and  that  which  is  commonly  known  as  redwood  (Sequoia  semper- 
virens)  is  but  little  smaller.  Most  of  the  lumber  is  cut  from  the  latter. 
The  whole  cut  is  produced  in  California,  and  no  tabulated  statement 
is  necessary  to  show  it.     The  total  cut  in  1913  was  510,271,000  feet. 

CHESTNUT. 

There  is  only  one  species  of  chestnut  (Castanea  dentata)  native  in 

the  United  States.    Its  northern  range  extends  from  southern  Maine 

to  southern  Michigan,  thence  to  southern  Indiana,  central  Kentucky, 

Tennessee,  and  Alabama.    It  grows  southward  in  the  Atlantic  States 

to  Georgia. 

Tablb  17. — Chutnut  lumber  sawed. 


State. 


Number 
of  active 
mills  re- 
porting. 


Quantity 
(Mfeet 
b.m.). 


Percent 
of  distri- 
bution. 


United  states. 


3,276 


505,802 


100.0 


Wert  Virginia. 
Poiusjiranla. . 


Connectfcnt 

Vkginia 

North  Carolina. 

KcDtodcy 

Masaacfaoaetts. . 

He«rY«rk. 

Ohio 

Marylaind 

New  Jersey 

AOollMrtetea 


347 

628 

342 

169 

307 

164 

234 

140 

577 

145 

90 

55 

83 


136,283 
70,696 
58,201 
47,286 
46,573 
44,129 
21,444 
21,226 
16,684 
12,069 
11,254 
10,129 
9,878 


27.0 
14.0 
11.5 
9.8 
9.2 
8.7 
4.2 
4.2 
3.8 
2.4 
2.2 
2.0 
2.0 


^leiadflB  establishments  distributed  as  follows:  Alabama,  7:  Delaware,  2;  Georgia,  8;  Indiana,  21; 
1, 1;  lIMMpm ,  1;  New  Hampahlre,  27;  Rhode  Island,  15;  and  Vermont,  1. 
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LARCH. 

Two  species  of  larch  are  cut  into  lumber,  but  the  eastern  species  is 
generally  called  tamarack  (Larix  laridna).  The  latter  is  found  in  the 
northern  tier  of  States  from  Minnesota  to  Maine  and  in  eastern  Canada. 
The  western  larch  (Larix  occidentalis)  is  native  to  Montana,  Idaho, 
Washington,  and  British  Columbia.  Both  are  needle-leaf  trees, 
which  annually  shed  their  f  oUage. 

Table  18. — Larch  lumber  sawed. 


state. 

Number     n««««4«^ 
of  active     S?KS^ 
mills  re-       ^J^^ 
porting.       ^-  ™-)- 

Percent 
of  distri- 
bution. 

United  States          

557          395,273 

100  0 

Montana 

49 
50 
54 
112 
132 
31 
112 
17 

137,703 
110,714 
39,277 
35,455 
26,008 
21,228 
15,721 
167 

34.8 

Idaho          

30.3 

Washinerton     

9  • 

Minnesota     

9.0 

Wisconsin        

0  5 

Oregon           •... • 

5.4 

Michigan     

4.0 

All  otner  States  >          

.0 

» Includes  establishments  distributed  as  follows:  Indiana,  1;  New  Hampshire,  2;  New  York,  8;  Iowa,2; 
Maine,  2;  Ohio,  1;  and  Vennont,  1. 

BIRCH. 

While  there  are  several  species  of  birch  in  the  United  States,  two 
furnish  the  bulk  of  the  lumber  produced  and  the  species  are  seldom 
separated  in  the  trade.  Yellow  birch  (Betula  lutea)  is  the  principal 
source  of  lumber  in  New  England,  New  York,  and  the  Lake  States, 
while  sweet  birch  (Betula  lenta)  is  the  principal  species  cut  in  Penn- 
sylvania and  West  Virginia.  The  ranges  of  these  species  overlap  and 
therefore  each  is  cut  to  a  small  extent  in  the  region  where  the  other  is 
most  important.  In  northern  New  England  paper  birch  (Betvla 
papyrifera)  is  an  important  source  of  material  for  spools,  toothpicks, 
and  novelties,  but  a  great  deal  is  not  cut  into  lumber. 

Sweet  or  cherry  birch  (Betula  lenta)  ranges  from  Newfoundland  to 
western  Ontario  and  southward  into  Indiana  and  Illinois,  and  among 
the  mountains  to  Kentucky  and  Tennessee.  It  is  sometimes  known 
as  wintergreen  birch. 

Yellow  birch  (Betula  lutea)  has  the  same  eastern  range  as  the  fore- 
going, but  extends  farther  west  and  northwest. 

River  birch  (Betula  nigra)  ranges  over  the  Southern  States,  and  is 
found  in  New  England  and  New  York.  It  is  poorer  in  color  and 
figure  than  the  other  birches,  but  is  sometimes  cut  for  lumber. 

Paper  birch  (Betula  papyrifera)  is  confined  to  the  northern  tier  of 
States  east  of  Minnesota  principally,  and  is  very  abimdant  in  Michi- 
gan, Wisconsin,  New  York,  New  England,  and  Canada. 

Mountain  birch  (Betula  occidentalis)  is  sawed  in  lumber  to  a  moder- 
ate extent  on  the  Pacific  coast. 

White  birch  (Betula  populijolia)  is  a  minor  timber  tree  in  New 
England  and  farther  northeast  in  Canada. 
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State. 


Number 
ofactire 
mills  re- 
porting. 

Quantity 
f  M  feet 
b.m.). 

Percent 
of  distri- 
bution. 

2,218 

378,739 

100.0 

292 

164,612 

43.5 

161 

51,814 

13.7 

282 

40,842 

10.8 

234 

31,608 

8.3 

549 

28,569 

7.5 

67 

16,899 

4.4 

128 

14,732 

3.9 

232 

13,152 

8.6 

71 

4,532 

L3 

60 

8,738 

1.0 

6 

2,553 

.7 

156 

6,603 

1.5 

United  States. 

Wisooosin 

Wdiigan 

Maine 

Vermofit 

New  York. 

West  Virginia 

Kev  Hampshire.. 

Pennsylvaoiia 

Minnesota 

MassachuaeitB 

Maryland 

All  other  States  1. 


1  Imdudes  establishments  distributed  as  follows:  Arkansas,  3;  California,  1:  Connecticut,  31;  Illinois,  10; 
Indiana,  11;  Iowa,  10;  Kentucky,  8;  Missouri,  24;  New  Jersey  8;  North  Car<^ina,  20;  Ohio,  8;  Rhod« 
bbnd,  1;  Tenneasee,  9;  and  Vir^nia,  17. 

BEECH. 

There  is  only  one  kind  of  beech  native  to  the  United  States  {Fagus 
atropunieea).  It  is  found  in  all  States  east  of  the  Mississippi,  and 
from  Missouri  southward  it  is  found  west  of  that  river.  Beech  lumber 
is  cut  in  nearly  all  the  hardwood-producing  States. 

Table  20. — Beech  lumber  sawed. 


state. 


Number 
of  active 
mills  re- 
porting. 


Quantity 
(Mfeet 
b.  m.). 


Percent 
of  distri- 
bution. 


United  States 

Michigan 

IwliBna 

KewYork. 

PemisTlvania 

W«t  Virginia.... 

Ohio 

Kentocky 

Vvmont 

Tomeasee 

Kew  HamiWifre. . 
AB other  Stetosi. 


470 
821 
402 
182 
492 
348 
160 
161 
74 
317 


365,501 


86,637 
54,827 
40,313 
38,700 
37,937 
33,763 
26,026 
14,825 
10,268 
6,908 
15,297 


100.0 


23.7 
15.0 
11.0 
10.6 
10.4 
9.2 
7.1 
4.1 
2.8 
1.9 
4.2 


>  Indades  establishments  distributed  as  follows:  Alabama,  10;  Arkansas,  2;  Connecticut,  16;  Georgia,  2; 
niDois,  25*  Iowa,  3;  Louisiana,  3:  Maine,  71:  Maryland.  16;  Massachusetts,  35;  Minnesota,  2;  Mississippi, 
7;  Missouri,  4;  New  Jersey,  3;  North  Carolina,  34;  Khode  Island,  1;  Texas,  3;  Virginia,  53;  and  wis- 
eoosin,27. 

CEDAR. 

A  number  of  species  contributing  to  the  country^s  lumber  supply 
are  grouped  under  the  common  name  cedar,  though  the  relationship 
between  some  of  them  is  not  very  close. 

Incense  cedar  (Libocedrus  decurrens)  grows  among  the  mountains 
of  Oregon  and  California. 

Port  Orford  cedar  (Ohamsecyparis  lawsoniana)  is  confined  to  a 
restricted  area  of  northwestern  California  and  southwestern  Oregon. 

Yellow  cedar  (Ohamsecyparis  nooikatensis)  is  a  Pacific  coast  species 
extending  from  Alaska  southward  through  British  Columbia  into 
Washington. 
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Red  cedar  {Juniperus  virginiana)  ranges  through  nearly  the  whole 
region  east  of  the  Rocky  Mountains  in  the  United  States. 

There  are  no  fewer  than  10  closely  related  cedars,  usually  called 
junipers,  most  of  them  being  native  to  the  Rocky  Mountain  region 
and  farther  west. 

Northern  white  cedar  (Thuja  occidentalis) j  often  called  arborvit», 
is  most  abimdant  in  the  Lake  States,  but  it  extends  to  New  England 
and  southward  along  the  Appalachian  Moim tains  to  eastern  Tennessee. 

Western  red  cedar  ( Thuja  plicata)  is  much  more  used  for  shingles 
than  for  lumber  in  the  States  of  Washington,  Oregon,  Idaho,  and 
Montana,  where  the  chief  supply  grows.  It  is  called  giant  cedar  and 
western  cedar  in  commerce. 

Southern  white  cedar  (Ohamsecyparis  thyaides)  ranges  in  deep 
swamps  from  New  Jersey  to  Florida,  and  is  called  swamp  cedar  in 
some  parts  of  its  range  and  juniper  in  others.  All  cedars  are  valuable 
for  poles  and  posts,  and  some  of  them  are  more  used  for  these  pur- 
poses than  for  lumber. 

The  most  important  contributions  to  the  lumber  supply  are  the 
following:  Western  red  cedar  (Thuja  plicaia),  northern  white  cedar 
(Thuja  occidentalis) J  and  southern  white  cedar  (Ohamaecyparis  thy- 
aides) .  Red  cedar  (Juniperus  virginiana)  is  of  considerable  impor- 
tance as  a  material  for  pencils.  In  the  Pacific  Coast  States  incense 
cedar  (Libocedrus  decurrens),  Port  Orford  cedar  (Chamxcyparis  law- 
soniana),  and  yellow  cedar  (Chamsecyparis  nootlcatensis)  are  lumbered 

to  a  small  extent. 

Table  21. — Cedar  lumber  sawed. 


state. 

Number 
of  active 
mills  re- 
porting. 

Quantity 
(M  feet 
b.  m-). 

Ferccot 
of  dJstrl- 
botlMi. 

United  States 

506 

858,444 

100.0 

Washington 

133 
13 
38 
51 
7 
44 
46 
59 
30 
11 

108 

338,443 

33,307 

23  066 

31,903 

10,558 

7^983 

7  006 

5,167 

4,403 

3,303 

14,419 

6S.1 
0.5 
6.3 
6.1 
4.6 
2.3 
2.0 
1.5 
1.3 
.6 
4.0 

Idaho 

California. 

Oreeon 

Virginia '/,',,", 

Tennessee 

Maine '.['.'.'. 

North  Carolina 

Wisconsin 

Kentucky 

All  other  States  1 

Vermont,  6;  and  West  Virginia,  2. 

BASSWOOD. 

Three  kinds  of  basswood  contribute  to  the  lumber  cut  of  the 
country,  but  no  distmction  between  them  is  made  at  the  mill  or  in 
the  market.  Common  basswood  (Tilia  americana)  is  best  developed 
in  the  Lake  States,  white  basswood  (Tilia  hetrophyUa)  among  the 
ZlA^^n^'''^^  "^  ^^^  Virginia  and  southward,  and  downy  baas- 
wooa  (i%Ua  pubescens)  is  found,  though  scarce,  from  North  Carolina 
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to  Arkansas.     All  three  of  these  overlap  the  boundaries  here  named, 
and  in  some  r^ons  all  are  found  occupying  the  same  area.     At  least 
one-half  of  the  States  furnish  basswood  logs  for  sawmiUs. 
Tablb  22. — Batswood  lumber  mwed. 


state. 


Number 
of  active 
Bills  re- 

Qmntity 
(Mfeei 
b.m.). 

porting. 

8,336 

257,102 

375 

91,670 

277 

30,266 

165 

31,623 

1,183 

24  818 

205 

8,784 

90 

8,703 

130 

&404 

124 

8^084 

74 

6,231 

66 

6,180 

121 

6,615 

128 

5^n7 

174 

5,237 

216 

7,171 

Per  cent 
of  distri- 
bation. 


United  States. 


Wbooosfn. 


Michigan 

WcBtViivimia. 
KewYork 


Ohio. 


Kentucky 

Minnesota 

Yirfinto 

Kcrai  CaroOna. 


Vermont. 

PeDnsylvania 

AH  other  States!. 


100.0 
36.7 

i&a 

12.3 
9.6 
3.4 
8.4 

3.a 

3.1 
2.4 
2.4 
2.3 
3.1 
2.0 
2.g 


1  Inclndes  establishments  distributed  as  follows:  Alabama,  7;  Arlcansas,  1;  Connectlcnt,  14;  Georgia,  3; 
miaais.  13;  Iowa.4d;  Kansas,  1;  LoaisiaBa,  2;  Maine,  56;  Marytand,  10;  Massacimsetts,  17;  Mississippi, 
2;  Hhsoori,  23;  New  Hampshire,  17;  New  Jersey,  2;  and  Texas,  3. 

ELM. 

Lumbermen  recognize  soft  and  rock  elm,  the  latter  name  being 
frequently  applied  to  tough  wood  cut  from  any  elm  species.  Soft 
gray  or  white  elm  {Ulmus  americana)  is  most  widely  dispersed  and 
is  more  abundant  than  all  the  others  combined.  It  is  foxmd  in  all 
States  east  of  the  Rocky  Mountains  and  furnishes  the  large  part  of 
the  elm  lumber  reported. 

Cork  or  the  true  rock  elm  ( Ulmus  racemosa)  is  found  growing  across 
the  northern  States  from  New  England  to  Nebraska  and  as  far 
south  as  Missouri  and  Tennessee. 

Slippery  elm  (Ulmus  pnbeseeTis)  covots  the  eastern  half  of  the 
United  States,  but  is  nowhere  plentiful.     It  is  often  called  red  ebn. 

Wing  elm  (Ulmus  alata)   and  cedar  elm  (Ulmus  crassifolia)  are 
confined  to  the  States  of  the  lower  Mississippi. 
Tablb  23^. — Elm  lumher  tawed. 


State. 

Number 
of  active 
milk  re- 
porting. 

Quantity 
f  M  feet 
b.  m.). 

Per  cent 
of  distri- 
bution. 

I'nlt^  States 

3,034 

214,532 

100.0 

WiBconsfn 

315 

305 

307 

322 

243 

69 

758 

124 

43 

35 

93 

126 

82 

22 

190 

52,307 
45,415 
20,624 
19,345 
13,648 
11,815 
11,016 
9,219 
6,750 
6,752 
3,760 
3,656 
3,263 
2,860 
6,102 

24.4 

UMiip^.  .,          

21.2 

SSSv:::::::::::::::::::::::;::::::::::::::::::::::::::::::::::::::. 

9.6 

Ohfo 

9.0 

Mteouri 

6.4 

Arlnnsa.*! 

5.5 

New  York 

5.1 

T>HiyjlKy^ .  ^ , , , . , 

4.3 

3.1 

MfrTKW>i» r    ,    , ,                                               

2.7 

KnitaclrF . ,                   

1.8 

ffiob.T.:::.. :.:.::: : 

1.7 

Iowa 

1.5 

fMiWana 

1.3 

An  oUfttf  8tatF)9  * 

2.4 

>  IndBdes  cstablisixmeats  distributed  as  follows:  Alabama,  6;  Connecticat.  7;  Georgia,  5;  Kansas,  4; 
Maine,  13;  Maryland.  2;  MassachuKtts,  8;  Nebraska.  1;  New  Hamnpshire,  4;  New  Jersey,  4;  North  Caro- 
lina, 11;  Oklahoma,  16;  Pennsylvania,  48;  South  Carolina,  4;  Texas,  9;  Vermont,  34;  Virginia,  5;  and  West 
VicKfnia,0. 
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COTTONWOOD. 

Cottonwood  lumber  is  cut  from  a  group  of  trees  which  are  known 
under  various  names  in  the  regions  where  they  grow.  Among  them 
are  the  conmion  cottonwood,  bahn  of  Gilead,  and  aspen  or  popple, 
which  are  the  most  important  east  of  the  Rocky  Mountains,  and 
black  Cottonwood  on  the  Pacific  coast. 

Common  cottonwood  {Populus  deUoidea)  furnishes  the  bulk  of  the 
lumber.  It  is  found  in  the  whole  country  east  of  the  Rocky  Moun- 
tains and  is  lumbered  in  all  parts  of  its  range. 

Swamp  cottonwood  (PopvliLS  JietrophyHa)  is  best  developed  in  the 
lower  Mississippi  Valley  States,  but  it  grows  naturally  in  the  Atlantic 
States  and  in  the  Ohio  Valley. 

Aspen  or  popple  {Popvlus  tremvloides)  is  often  designated  as  poplar 
in  the  Lake  States,  where  much  of  it  grows.  It  is  found  growing 
in  various  localities  from  Maine  to  California  and  far  northward  in 
British  America.     Saw  logs  cut  from  aspen  are  usually  small. 

Large-toothed  aspen  (Popvlus  grandidentata)  is  not  usually  dis- 
tinguished from  the  other.  It  ranges  from  Nova  Scotia  to  Minne- 
sota and  along  the  mountains  to  Tennessee  and  North  Carolina. 

Balm  of  Gilead  (Popvlus  baisamifera)  is  conmionly  known  as  balm 
in  the  factory  and  lumberyard.  Its  range  includes  Maine  and 
Oregon  and  most  of  the  States  between,  and  also  a  large  part  of 
British  America. 

Western  or  black  cottonwood  (Popvlus  trichocarpa)  ranges  near 
the  Pacific  coast  from  Alaska  to  southern  Califomia.  It  is  the 
lai^est  of  the  cottonwoods. 

Small  quantities  of  lumber  are  cut  from  two  foreign  cottonwoods 
which  have  been  introduced  in  this  coimtry,  the  white  poplar  {JPopu- 
lu8  alba)  J  also  called  silver  and  EngUsh  poplar,  and  the  black  or 
lombardy  poplar  {Popvlus  nigra). 

Table  24. — Cottonwood  lumber  mwed. 


state. 


Number 
of  active 
mills  r^ 
porting. 


Quantity 
(Mfeet 
D.  m.). 


Percent 
of  distri- 
bntion. 


United  States. 


Arkansas 

Mississippi 

Louisiana 

Tennassee 

Minnesota 

Texas 

Missouri 

Iowa 

MichifQQji 

Oklahoma 

Florida 

Kentucky 

All  other  States  > . 


1,004 


208,038 


100.0 


48 
89 
29 

21 

96 

n 

108 
79 
46 
20 
3 
13 

497 


61,345 
68,  SOS 
23,126 
12,814 
8,186 
7,426 
7,176 
4,676 
8,005 
2,634 
2,396 
2,066 
16,206 


20.4 
27.9 
ILl 
6.9 
3.9 
8.6 
8.4 
2.2 
1.6 
1.8 
1.1 
1.0 
7.8 


I<ih'?^4'^'*Kfa^3W?d*iAS.'^S^^  Alabama,  2;  Colorado,  2;  Connectlout,  4;  Georgia,  2: 

JrNew  HamSSfaJ*  13^  N?^'^S°SS' ^ii^SV^^S^^y**"^^ > •  Massachusetts, 7;  Montana, 6;  Nebn^ 
h^Z.^r^hry^ont;il;  ^^A^^^^^St^%^^^'  '^  Pennsylvania,  8;  K3! 
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ASH. 

Of  more  than  a  dozen  species  of  ash  growing  in  the  United  States 
three  kinds  of  ash  are  important  sources  of  lumber.  White  ash 
{Fraxinus  americana)  is  the  most  valuable  and  m  cut  mostly  in  the 
central  hardwood  States  and  Northeast  and  to  some  extent  in  the  Lake 
States.  A  great  deal  of  the  ash  lumber  cut  in  the  Lake  States  comes 
from  the  black  ash  (Fraxinus  nigra) ,  while  the  same  species  is  cut 
to  considerable  extent  in  the  Northeast.  Green  ash  {Fraxinus  lan- 
ceoUUa)  is  the  principal  source  of  ash  lumber  in  the  Southern  States. 
In  the  Pacific  Coast  States  Oregon  ash  {Fraxinus  oregona)  is  some- 
times cut,  while  red  ash  (Fraxinus  pennsylvanica)  is  used  to  a  limited 
extent  in  the  East. 

Table  26. — Ash  lumber  sawed. 


state. 


Number 
of  active 
mills  re- 
porting. 


Quantity 
(Mfeet 
b.  m.). 


Percent 
of  distrl- 
bution. 


United  States . 


8,348 


207,816 


100.0 


Tennenee 

Loiristena 

fn<l%TM|. 

Ohki 

Wfeconstn 

Missouri 

New  York 

Miasissippi.... 
WeetVli^Bla. 
Kentucky 


PflODsylTania. . . . 

Maine. 

Texas 

Gaonda. 

All  o^er  States  1. 


92 

170 

47 

233 

295 

184 

87 

927 

65 

82 

161 

184 

186 

92 

20 

23 

500 


31,019 
22,943 
17,473 
15,517 
12,967 
12,858 
10,969 
9,928 
9,914 
9,761 
9,066 
8,681 
5,742 
3,514 
3,371 
3,088 
21,005 


14.9 
11.0 
8.4 
7.5 
6.2 
6.2 
5.3 
4.8 
4.8 
4.7 
4.3 
4.2 
2.8 
1.7 
1.6 
1.5 
10.1 


>  Inctaidee  establishments  distributed  as  foUows:  Alabama,  18;  Calilomia,  1;  Connecticut,  51;  Delaware, 
t;  Florida,  8;  Illinois,  41;  Iowa,  14;  Kansas,  1;  Maryland,  6;  Massadiusetts,  32;  Minnesota.  67;  New 
Hainpshire,  21;  New  Jersey,  6;  North  Carolma,  65;  Oklahoma,  17;  Oregon,  4;  Rhode  Island,  6;  South 
OttoQna,  13;  Vermont,  90;  and  Virginia,  38. 

mCKORT. 

Ten  or  more  kinds  of  hickory  are  cut  in  this  coimtry,  and  the 
trees  grow  naturally  nowhere  else  in  the  world.  The  wood  of  all 
species  is  valuable,  but  most  of  that  in  use  is  cut  from  five  or  six 
species,  which  are  shagbark  (Hicoria  ovata),  shellbark  (Hicoria  lacini- 
osa),  pignut  (Hicoria  glabra),  bittemut  (Hicoria  minima),  and  mock- 
eamut  (Hicoria  a^O>a).  One  or  more  of  these  hickories  are  found  in 
every  State  in  the  eastern  part  of  the  United  States,  and  the  wood 
18  also  abundant  in  Missouri  and  Arkansas.  The  hickory  growing 
in  the  Ohio  Valley  and  along  tributary  streams  supplies  the  bulk  of 
that  in  use.  The  industries  which  use  the  largest  quantities  of 
hickory  secure  it  in  the  form  of  blanks,  squares,  or  billets,  rather 
than  in  the  form  of  lumber. 
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Table  26. — Hickory  lumber  sawed. 


State. 


Number 
of  active 
mills  re- 
porting. 


Qoantlty 
(Mfeet 
».  m.). 


i- 


Ptfoat 
ofdlstrl- 
butioo. 


United  States 

Arkansas 

Tennessee 

Kentucky 

Ohio 

Indiana 

Louisiana 

Mississippi 

WestVfrglnia.... 

Missouri 

nUnob 

Pennsylvania 

All  other  States  1. 


2,579 


162,980 


100.9 


138 
225 
217 
302 
301 
22 
48 
148 
159 
120 
192 
647 


26,760 

26,678 

17,583 

15,545 

12,919 

10,639 

10,625 

9,262 

8,020 

5,124 

4,578 

15,257 


16.4 
1A.4 

las 

9.5 
7.9 
6.S 
6.5 
5.7 
4.9 
3.1 
2.8 
9.4 


1  Includes  establishments  distributed  as  follows:  Alabama,  35;  Connecticut,  52;  Delaware,  3;  Florida,  2; 
Qeorgja,  28;  Iowa,  22;  Kansas,  3;  Maine,  1;  Maryland,  20;  Masachusetts,  5;  Michigan,  26:  Minnesota,  4; 
New  Hampshire.  1;  New  Jersey,  16:  New  York.  255;  North  Carolina,  77;  Oklahoma,  11;  Rhode  Island,  2; 
South  Carolina,  6;  Texas,  9;  Virginia,  64;  and  Wisconsin,  5. 

SUGAR  PINE. 

Sugar  pine  (Pinus  lamhertiana) ,  the  largest  pine  in  the  United 
States,  grows  in  California  and  Oregon,  chiefly  in  the  former  State. 
The  wood  closely  resembles  white  pine,  and  the  uses  of  the  two  are 
similar.     Botanically  it  is  a  white  or  soft  pine. 

Table  27. — Sugar  pine  lumber  sawed. 


State. 

Number 
of  active 
mills  re- 
porting. 

Quantity 
(U  feet 
b.  m.). 

PerocDt 
ofdirtrl. 
btttkn. 

United  States  

i5 

149,936 

100.9 

California 

40 
5 

147,023 
2,903 

96.1 

Oregon 

1.9 

TUPELO. 

Four  species  contribute  to  the  output  of  tupelo  lumber,  but  the 
bulk  of  the  product  is  cut  from  cotton  gum  {Nyssa  aqiuUica).  It  is  a 
tree  which  flourishes  best  in  deep  swamps  in  the  coast  region  of  the 
Southern  States  or  along  the  lowlands  of  large  rivers  from  southern 
Virginia  to  Texas. 

Water  gum  {Nyssa  hijlora),  ranging  from  Maryland  to  Florida  and 
west  to  Alabama,  and  sour  tupelo  or  wild  limetree  (Nyssa  ogeche), 
found  in  South  Carolina,  Georgia,  and  Florida,  are  cut  for  lumber  to 
a  small  extent. 

Black  gum  or  pepperidge  (Nyssa  sylvatica)  ranges  throughout  the 
South  and  northward  to  Maine  and  Michigan,  and  is  cut  in  North 
Carolina,  Virginia,  and  other  States  north  of  the  Ohio  and  Potomac 
Rivers. 
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Table  28. — Tupelo  lumher  tawed. 


State. 

Number 
of  active 
HilUs  re- 
porting. 

Qoanttty 
(M  feet 
b.m,). 

Percent 
ofdlstrl- 
butko. 

United  States 

241 

120,420 

100.0 

Lnnis^iHi 

47 

24 

9 

9 

16 

10 

7 

119 

71,046 
10,726 
8,835 
7,603 
5,461 
8,202 
3,063 
8,484 

59.0 

Vfvtk  runilffM 

8.9 

Aifth^mA 

7.8 

Florida 

6.8 

flAHth  CArolim 

IS 

VfrffMU                ,               

niirH>h 

2.6 

All  othfr  ^V*Xm »                                        

7.1 

'  Iirlnden  establkhiiMats  distributed  as  follows:  Arkansas,  14;  Conaeotiout,  1;  Georeia,  6;  Indiana.  11: 
Koitacky,  17;  Mississippi,  15;  Missouri,  9;  Ohio,  6;  Pennsylvania,  1;  Tennessee,  26;  Texas,  2,  and  West 
Virsinia^  11. 

BALSAM   FIR. 

One  species  furnishes  practically  all  of  the  balsam-fir  lumber  pro- 
duced. This  species  is  the  conmion  balsam  {Ahies  balsamea) ,  which  is 
lumbered  in  the  Northeast,  in  Pennsylvania,  and  in  the  Lake  States. 
This  species  is  also  cut  in  the  southern  Appalachian  Mountains  with 
frazer  fir  (Abies  fraseri). 

Table  29. — BaUamfir  lumber  sawed. 


state. 

Number 
of  active 
mllLs  re- 
porting. 

Quantity 
(Mfeet 
b.  nu). 

Percent 
of  distri- 
bution. 

United  States 

509 

93,752 

100.0 

iffth^ 

243 
76 
73 
40 
28 
34 
15 

67,007 
10,058 
6,896 
4,113 
3,148 
2,764 
766 

71.5 

MinnMn^ 

10.7 

Venxuot 

6.3 

Michijwn        

4.4 

N«r  Hampfftiirv .      

8.4 

Wiscmisin       

2.9 

All  other  AtateR  1 

.8 

1  Includes  establishments  distributed  as  follows:  Illinois,  1;  Massachusetts,  4;  and  New  York,  10. 

WHFTE  FIR. 

White  fir  {Abies  concoXor)  is  a  distinct  botanical  species  growing 
in  practically  all  of  the  Western  States  and  is  the  principal  source  of 
commercial  white-fir  lumber.  Other  species  reported  by  sawmills 
under  the  same  name  are  grand  fir  {Abies  grandis),  lovely  fir  {Abies 
amabUis),  noble  fir  {Abies  nobilis),  and  red  fir  {Abies  magnifica). 
Table  30. —  White  fir  lumber  eawed. 


state. 

Number 
of  active 
mflls  re- 
porting. 

Quantity 
(Mfeet 
b.m.). 

Per  cent 
of  distri- 
bution. 

United  States 

126 

88,109 

100.0 

fWl^frnia -   

36 
25 
25 
6 
13 
21 

47,696 

28,231 

7,735 

2,830 

1,323 

795 

.M.  1 

kteho 

32.0 

OrWmi       .                           ..       rTT r - 

8.8 

Montana 

2.7 

Washington 

1.5 

AD  other  States »       

0.9 

I  Inchides  establishments  distributed  as  follows:  Arizona,  1;  Colorado,  6;  New  Mexico,  1;  Utah,  8;  and 
Wyomhig,  5. 
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WALNUT. 

Although  three  walnut  trees,  exclusive  of  butternut,  are  native  of 
the  United  States,  the  whole  of  the  walnut  lumber  is  cut  from  the 
common  black  walnut  (Juglans  nigra),  which  abounds  throughout 
the  eastern  half  of  the  country,  extending  from  the  Atlantic  to  the 
edge  of  the  treeless  plains  west  of  the  Mississippi  River.  The  small 
Mexican  walnut  (Juglavs  rupestris)  grows  in  Texas,  and  another, 
which  is  also  small,  is  the  Calif omia  walnut  (Juglans  caMfornica) . 

Table  31. — Walnut  lumber  sawed. 


state. 

Number 
of  active 
mills  re- 
porting. 

QuantHy 
(Mfeet 
b.  m.). 

Percent 
of  distri- 
bution. 

United  States 

W6 

40»6«6 

100.  • 

TfllffftTlil 

191 
107 
114 
94 
31 
110 
10 
238 

10,194 
7,1M 
7047 
3,926 

2,064 

25wl 

Ohio 

17.0 

Ul«innH 

17.4 

Twimwwe 

9.7 

nilnois 

9.6 

Kentucky 

8.5 

ArkansM . . 

5.1 

All  other  Statee  * 

7.0 

1  Includes  establishments  distributed  as  follows:  Alabama,  3;  Connecticut,  2;  Georgia,  2;  Iowa,  27; 
Kansas,  3:  Maryland,  8;  Massachusetts,  6;  Michigan,  0;  Minnesota,  2:  Nebraska,  1;  New  Jersey,  1;  New 
York,  6:  North  Carolina,  27;  OklahomatlO;  Pennsylvania,  30;  Rhode  Island,  2;  South  Carolina,!;  Texas, 
4;  Virgink,  40;  West  Virginia,  fiO;  and  Wisconsin,  6. 

SYCAMORE. 

A  single  species  of  sycamore  (Platanua  occidentaUs)  furnishes  the 
lumber  of  this  name  in  the  United  States.  It  ranges  from  southern 
New  England  to  Nebraska  and  southward  to  the  Gulf  of  Mexico. 
One  small  species  of  sycamore  in  Arizona  and  another  in  California  are 
seldom  sawed  for  lumber. 

Table  32. — Sycamore  lumber  sawed. 


state. 

Number 
of  active 
mills  re- 
porttaig. 

Quantity 
rM  feet 
b.nL). 

Peroent 
ofdistrl- 
butloo. 

United  states 

6» 

30,804 

100.0 

ArkAiv^ ..    .               

31 
140 
37 
120 
84 
70 
64 
104 

11,663 
3,840 
3;  586 
3,619 
2,662 

2,217 

37.  t 

Uli^^iH                         

12.5 

Tennessee 

11  0 

Indiana ^  r - .  -, 

11  4 

Kentucky 

a.0 

Ohio                      

61.0 

Illhiois 

4.S 

All  other  States  * 

7  2 

1  Includes  establishments  distributed  as  follows:  Alabama,  2;  Connecticut,  3;  Oeorcia,  6;  Iowa,  2;  Kaoi- 
sas,  3;  Louisiana,  3;  Maryland,  6;  Michigan,  7;  Mississippi,  4:  New  Jersey,  1:  New  York,  3;  North  Owo- 
lina,  17;  Oklahoma,  15;  Pennsylvania,  7;  South  Carolina,  3;  Texas,  1;  Virginia,  14;  and  West  Vlrgkik,  &. 
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LODGEPOI£  PINE. 

Lodgepole  pine  (Pinus  cotUarta)  is  a  alow-growing  tree  dispersed 
over  much  of  the  regions  between  the  Rocky  Mountains  and  the 
Pacific  coast.  It  is  inclined  to  take  possession  of  tracts  laid  bare  by 
fire,  where  it  grows  in  heavy  stands. 

Table  33. — Lodgepole  pine  lumber  iawed. 


state. 


Number 
of  active 
mills  re- 
portlng. 


United  States 82 


Cokxado 19 

•  Wyoming '  27 

Montana 16 

Uabo 16 

Utah 4 


Qtiantity 
(Mfeet 
D.  m.). 


20,106 


10,410 
6,998 
1,199 
1,009 
490 


Per  cent 

of 
distribu- 
tion. 


100. 0 


51.8 
34.8 
6.0 
5.0 
2.4 


MmOR  SPECIES. 

Some  of  the  species  listed  in  Table  34  are  native,  others  foreign. 
Logs  of  the  latter  are  brought  to  this  country  and  are  converted 
into  lumber  at  sawmills  located  in  the  States  designated  in  the  table. 

Mahogany  (Swietervia  mdhagoni)  comes  from  tropical  America. 
Other  woods  passing  for  mahogany  come  from  Africa,  South  America, 
India,  and  the  Philippines. 

Cherry  (Prunus  serotina)  grows  in  western  New  York,  Pennsylvania, 
and  southward  among  the  mountains,  and  westward  to  the  States 
beyond  the  Mississippi. 

Buckeye  {Msculus  octandra)  is  the  common  tree  cut  for  lumber 
of  this  name.  It  is  often  known  as  yellow  buckeye.  Ohio  buckeye 
{JSscylus  glabra)  is  occasionally  cut  for  lumber;  but  the  buckeye 
lumber  frequently  goes  to  market  as  *' poplar  saps,"  or  as  the  sap- 
wood  of  yellow  poplar. 

Locust  (RoMnia  pseuda^ada)  has  been  widely  planted,  but  its 
natural  range  lies  in  the  region  from  Pennsylvania  to  Georgia. 
Honey  locust  {Gfleditsia  tricaTtthos)  and  water  locust  (Gleditsia  aqua- 
Hca)  are  sometimes  listed  as  locust  lumber  in  mill  yards.  Both  are 
most  plentiful  south  of  the  Ohio  River  and  west  of  the  mountains. 

Black  willow  (Salix  nigra)  is  the  principal  one  of  several  willows 
occasionally  sawed  into  lumber.  It  is  best  developed  in  the  lower 
Mississippi  Valley. 

Cucumber  (Magnolia  acuminaia)  occurs  from  New  York  to  Illinois 
and  south  to  Alabama  and  Arkansas. 

Magnolia  {Magnolia  Jostida)  is  the  tree  known  in  the  South  as 
evergreen  or  laurel-leafed  magnolia.  The  magnolia  lumber  of  com- 
merce is  usually  cut  from  this  species,  though  there  are  three  or  four 
kindred  species  in  the  South  which  are  sawed  in  small  amounts. 
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Hackberry  (Odtis  ocddentoMs)  and  sugarberry  (Celiis  missis- 
sippiensis)  are  listed  without  distinction  as  hackberry  lumber. 
Both  occur  in  the  lower  Mississippi  Valley  States  and  westward,  and 
hackberry  is  scattered  over  most  of  the  United  States  east  of  the 
Rocky  Moimtains,  but  in  many  regions  is  very  scarce. 

Butternut  (Juglans  cinerea)  ranges  from  New  Brunswick  to 
Georgia  and  from  Dakota  to  Arkansas. 

Persimmon  (Diospyros  virginiana)  is  foimd  chiefly  in  the  Southern 
States,  but  it  grows  northward  to  Kansas  and  Connecticut. 

Dogwood  {Cornus  jlorida)  is  too  small  for  saw  logs,  but  is  cut  into 
biUets  suitable  for  shuttle  makers.  The  principal  supply  conies 
from  Tennessee,  Kentucky,  the  Carolinas,  and  Virginia,  but  its 
range  covers  the  eastern  half  of  the  United  States. 

Pecan  (Hicoria  pecan)  is  a  hickory  with  wood  inferior  to  the 
commercial  hickories.  It  is  a  southern  species  more  valuable  for 
nuts  than  lumber. 

Ebony  is  foreign.  Several  trees  belonging  to  the  same  family  as 
persimmon  produce  the  wood. 

Two  alders  are  sawed  for  lumber— ^red  alder  (Alrms  oregana)  and 
white  alder  (Alnus  rhomMfolia) — -both  native  of  the  Pacific  coast. 

Applewood  is  cut  from  many  varieties  of  apple  of  planted  stock. 

Bois  d*Arc,  or  Osage  orange  (Toxylon  pomiferum),  has  been  widely 
planted,  but  its  native  home  is  in  Texas  and  Oklahoma. 

Chinquapin  (Oastanea  pumila)  ranges  from  Pennsylvania  to  Florida 
and  westward  to  Texas.  Sometimes  Ixmiber  which  is  listed  as 
chinquapin  is  chinquapin  oak  {Quercus  acuminata),  which  occupies 
much  the  same  range. 

Coffeetree  {Gymnocladus  dioicus)  is  foimd  scattered  over  much  of 
the  eastern  half  of  the  United  States,  but  is  most  abundant  in  Ken- 
tucky and  Tennessee. 

Crabapple  is  a  term  apphed  to  a  nimiber  of  species  in  the  eastern 
half  of  the  country,  but  the  sweet  crab  (Pyrus  coronaria)  is  the  best 
known. 

Eucalyptus  {Eucalypinis  gUhuLus)  is  an  Australian  tree  which  is  grow- 
ing successfully  from  plantings  in  California.  More  than  50  other 
species  of  eucalyptus  are  growing  in  California,  several  of  which  are 
sometunes  converted  into  timber  locally. 

Hornbeam  (Ostrya  virginiana)  is  foimd  from  Nova  Scotia  to  Texas. 

Ironwood  is  a  term  apphed  to  so  many  woods,  both  domestic  and 
foreign,  that  the  word  is  meaningless  in  determining  the  species 
referred  to.     It  is  often  apphed  to  hgnum-vit». 

Jenisero,  prima  vera,  and  white  mahogany  (Tabebuia  donneU- 
smithii)  are  different  names  for  the  same  species,  which  grows  in 
southern  Mexico  and  Central  America. 
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Mulberry  (Morus  rw6m)  ranges  through  most  of  the  eastern  half 
of  the  United  States. 

Madrona  {Arbutus  menziesii)  is  a  tree  of  the  Pacific  Coast  States. 

Sassafras  (Sassafras  sassajras)  is  native  from  Massachusetts  to 
Texas,  but  is  best  developed  in  Tennessee,  Kentucky,  and  Arkansas. 

Silverbell  (Mohrodendran  carolinum)  is  foimd  in  the  mountains  of 
West  Virginia  and  southward  and  westward  to  Florida  and  Texas. 

Table  34. — Minor  species  of  lumber. 


Kind. 


Quaotity 
sawed 

(Mfeet 
b.  m.). 


Prinolpal  States  reporting. 


Total.... 
Mabogany... 
Cttnj , 

BocJkBje...., 
Loevt 

WDIow , 

Coeombar... 

Haekbsry.. 
Battflcmit.... 

Pcnixmiao . . 

Dogwood.. . . 
Pecan....... 

Ettonj. ...... 

Anothflrki2>ds> 


85,366 


36,261 
14,126 

6,422 
5,507 

4,758 

3,424 

3,268 
2,115 

1,904 

1,904 

1,373 
1,090 

1,000 
2,150 


California,  Illinois,  Indiana,  Eentuoky,  Lotdsiana,  Massaohosetts,  Missouri, 
Ohio,  and  Pennsylvania. 

Alabama,  Arkansas,  Qmnectioot,  Illinois,  Indiana,  Iowa,  Eentacky,  Ifassa- 
chosetts,  ICiohigan,  Minnesota.  Mlssis^pi,  Missouri,  New  Jersey,  New 
York,  North  Carolina,  Ohio,  Oklahoma,  PennsylTania,  Tennessee,  Vermont. 
Virelnia,  West  Virginia,  and  Wisconsin. 

Illinois,  Indiana^owa,  Kentucky,  Missouri,  North  Carolina,  Ohio,  Tennessee, 
Virginia,  and  West  Virginia. 

Alabama,  Arkansas,  Illinois,  Indiana.  Kentucky,  Maryland,  Mississippi, 
Missouri,  New  York,  North  Carolina,  Pennsylvania,  South  Carolina, 
Tennessee,  Virginia,  and  West  Virginia. 

Arkansas.  Indiana,  Iowa,  Kentucky,  Louisiana,  Minnesota,  Mississippi,  MI3- 
sourl.  New  York,  Ohio,  Pennsylvania,  Texas,  and  Wisconsin. 

Kentucky,  Maryland,  New  York,  North  Carolina,  Ohio,  Pennsylvania,  Ten- 
nessee, vireinla,  and  West  Vir^a. 

Georgia,  Lotusiana,  Mississippi,  and  Texas. 

Arkansas,  nUnois,  Indiana, Iowa,  Kansas,  Kentucky,  Minnesota,  Mississippi, 
MisBourl,  Oklahoma,  ana  Tennessee. 

Cooneoticut,  Indiana,  Iowa,  Kentucky.  Massachusetts,  Michigan,  Minnesota, 
Missouri,  Mew  Jersey.  New  York,  North  Carolina,  Ohio,  Pennsylvania, 
Tennessee,  Vermont,  Virginia,  West  Virginia,  and  Wisconsin. 

AriOmsas,  Indian^  mssisslppi,  Missouri,  North  Carolina,  South  Carolina, 
Tennessee,  uid  \rir2inlA. 

AikansasjNorth  Carina,  South  Carolina,  and  Virginia. 

Arkanstts,  Illinois,  Indiana,  Kentucky,  Louisiana,  Mississtppl,  Missouri,  Okla- 
homa, and  Texas. 

nUnols. 

Alabama.  Arkansas,  Cahfomia,  Connecticut,  Indiana,  Kentucky,  Louisiana, 
Massaonusetts,  Michigan,  Missouri,  New  Jersey,  New  York,  North  Carolina, 
Pennsylvania,  Oklahoma,  Oregon,  Tennessee,  and  Washington. 


'  ladiMlBs  aUer,  apple,  boia  d'aro,  chinquapin,  ooffeetree.  crabapple,  eucalyptus,  hombecun,  iron  wood, 
Jaiinro,  madrona,  mtdbeny,  sassafras,  silverbell,  and  Spanish  cedar. 

DETAILED  SUMMARY. 

Table  35  brings  together  all  the  figures  which  have  been  presented 
r^arding  the  production  of  lumber,  and  shows  separately  for  hard- 
woods and  softwoods  the  amounts  of  each  kind  of  wood  cut  in  each 
State,  together  with  totals  for  each  kind  of  wood  and  each  State. 
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V  _iotribadoo  from  thc'Bureaa  of  Entomology,  L.  O.  Howard,  Chief. 

M«y27.  1915. 

RELATION  OF  THE  ARIZONA  WILD  COTTON  WEEVIL  TO 
COTTON  PLANTING  IN  THE  ARID  WEST.^ 

By  B.  R.  CoAD, 
Entomological  Assistant^  Southern  Field  Crop  Insect  Investigations. 

INTRODUCTION. 

With  the  introduction  of  cotton  culture  into  Arizona  imder  con- 
ditions of  irrigation,  it  was  hoped  that  the  establishment  of  important 
insect  pests  could  be  prevented  by  quarantines,  and  this  was  ren- 
dered possible  by  the  complete  isolation  of  the  new  territory.  Recent 
investigations  in  Arizona,  however,  have  revealed  the  presence  of  a 
we(»vil,  Anthcmomus  grandis  ihurberiae,  very  nearly  identical  with  the 
famous  Mexican  cotton-boU  weevil  which  has  proved  so  disastrous  to 
cotton  cultiu'e  in  many  parts  of  the  South.  This  is  due  to  the  occur- 
rence, in  many  of  the  mountain  ranges  of  the  southeastern  section 
of  the  State,  of  a  wild  cotton  plant  known  technically  as  Thurberia 
tkespesioides.  This  plant,  which  is  so  closely  related  to  cotton  that 
8ome  investigators  have  classed  it  in  the  genus  Gossypium  (the  genus 
of  cotton),  was  found  to  be  the  host  of  a  weevil  closely  related  to  the 
cotton-boU  weevil,  as  well  as  the  host  of  a  number  of  other  insects, 
and  it  was  at  once  perceived  that  there  was  a  possibility  that  these 
insects  might  attack  cultivated  cotton  grown  near  these  mountains. 
Of  the  various  insects  found  on  the  wild  cotton  plant,  the  weevil  is 
probably  the  most  important,  and  the  present  bulletin  deals  with 
this  species. 

fflSTORY  OF  THE  WEEVIL. 

While  the  history  of  the  cotton-boll  weevil  is  a  famihar  subject  to 
almost  every  one  in  the  infested  territory,  it  is  not  neariy  so  well 
known  in  the  western  cotton  country,  and  a  brief  review  of  its  activi- 
ties in  the  United  States  will  help  to  an  understanding  of  the  sig- 
nificance of  its  presence  in  Arizona. 

The  Mexican  cottonrboll  weevil,  Anthonomus  grandis  Boh.,  came 
into  the  United  States  from  Mexico,  crossing  the  Rio  Grande  at 

'  The  investigations  on  which  this  paper  is  based  were  conducted  under  the  direction  of  Mr.  W.  D. 
Hunter. 
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Brownsville,  Tex.,  about  1892.  Since  that  time  it  has  adyanced 
steadily  northward  and  eastward  until  at  the  present  time  it  is  in 
Texas,  Louisiana,  Oklahoma,  Arkansas,  Mississippi,  Alabama,  and 
Florida,  and  the  total  area  infested  in  1914  was  312,300  square  miles. 
Estimates  made  by  the  Bureau  of  the  Census  place  the  total  loss  in  pro- 
duction of  cotton  lint  in  the  United  States  due  to  the  ravages  of  this 
species  at  10,000,000  bales,  or  a  money  loss  of  $500,000,000.  Thus 
we  see  the  importance  of  this  little  beetle  of  insignificant  appearance 
in  the  area  now  infested. 

Extended  studies  have  been  made  by  the  Department  of  Agri- 
culture and  also  by  the  various  State  offices  in  the  attempt  to  reduce 
the  damage  done  by  the  species.  It  has  proven  one  of  the  most 
difficult  insects  to  combat,  owing  largely  to  its  habit  of  feeding  at 
all  times  on  inner  plant  tissue  and  so  making  the  use  of  poisons  prac- 
tically worthless.  The  most  effective  methods  of  reducing  damage 
which  have  been  developed  are  principally  cultural. 

During  the  summer  and  fall  of  1913  the  writer  experimented  with 
the  Arizona  wild  cotton  weevil  and  the  Texas  cotton  weevil  at  Vic- 
toria, Tex.,  crossbreeding  them  and  testing  the  adaptation  of  the 
Arizona  form  to  conditions  of  cultivated  cotton  in  the  South.  In 
April,  1914,  the  work  was  transferred  to  a  ranch  near  Tucson,  Ariz., 
and  was  continued  until  the  middle  of  November.  This  bulletin  is 
a  partial  result  of  these  studies. 

Although  the  Thurberia  plant  has  been  studied  botanicaUy  for 
some  years,  owing  to  its  close  relation  to  cotton,  economic  interest 
from  an  entomological  standpoint  was  first  aroused  early  in  1913, 
when  Mr.  O.  F.  Cook,  of  the  Department  of  Agriculture,  announced 
th6  discovery  of  the  weevil  breeding  in  the  bolls  of  this  plant  in 
Arizona.  This  announcement  was  at  once  followed  by  a  study  of 
the  exact  taxonomic  status  of  the  weevil,  its  distribution,  habits,  and 
probable  economic  importance.  It  was  soon  found  to  be  not  identi- 
cal with  the  cotton-boll  weevil  of  the  South,  but  so  closely  related 
that  the  two  forms  would  interbreed  readily.  It  was  then  described 
as  a  variety  of  AntlwTwmus  grandis  by  Mr.  W.  Dwight  Pierce,  of 
this  bureau,  and  given  the  varietal  name  thurherise.  Further  in- 
vestigations lead  to  the  behef  that  the  two  types  are  geographical 
and  environmental  varieties  arising  from  a  common  ancestral  form 
which  was  probably  native  to  some  point  in  southern  or  central 
Mexico.  The  two  forms  have  probably  spread  northward  along  sep- 
arate lines  of  distribution  in  the  course  of  time  and  have  acquired 
slight  diflFerences  in  structmre  and  habit. 

These  differences  in  structure  of  the  adult  beetles  are  so  slight  that 
they  are  not  apparent  to  the  imtrained  eye  and  the  descriptions 
used  in  this  paper  are  applicable  to  either  type. 
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DISTBIBirnON. 

He  discovery  that  the  weevil  breeds  on  Thurberia  furnished  the 
first  intimation  that  it  lives  on  any  plant  other  than  those  of  the 
genus  Grossypium,  though  the  writer  has  since  demonstrated  that  it 
is  able  to  develop  on  some  other  closely  related  malvaceous  plants. 
However,  it  is  not  likely  that  this  occurs  in  nature  under  normal  con- 
ditions, and  there  is  no  reason  for  believing  that  the  weevil  feeds 
upon  any  plant  other  than  Thurberia  in  the  mountains.  Conse- 
quently a  study  of  the  distribution  and  habitat  of  Thurberia  is  second 
in  importance  only  to  that  of  the  weevil  itself.  While  our  knowledge 
of  this  point  is  by  no  means  complete,  considerable  information  has 
been  gathered  in  the  course  of  a  number  of  explorational  expeditions, 
and  we  possess  a  fair  general  idea  of  the  conditions. 

In  Arizona  Thurberia  is  known  to  occur  in  the  Santa  Catalina, 
Santa  Rita,  Tanque  Verde,  Rincon,  Mule  Pass,  Huachuca,  Chiricahua, 
Superstition,  Bradshaw,  Dos  Cabezos,  and  Dragoon  Mountains;  at 
Globe,  and  in  Fish  Creek  Canyon  of  the  Salt  River  Valley.  In  Mexico 
it  has  been  recorded  from  Guadalajara,  southwestern  Chihuahua,  and 
a  number  of  localities  in  eastern  Sonora.  The  weevils  have  been  found 
only  in  the  Santa  Catalina,  Rincon,  Santa  Rita,  Tanque  Verde,  and 
Dos  Cabezos  Mountains.  Of  these  ranges  the  first  four  adjoin  the 
Santa  Cruz  Valley,  in  which  Tucson  is  located,  and  the  last  is  near 
Bowie.  From  these  data  it  is  seen  that  the  plant  is  rather  generally 
distributed  throughout  the  southeastern  part  of  Arizona  and  that  the 
weevil  infestation,  so  far  as  is  known  at  present,  is  more  or  less  con- 
centrated around  Tucson.  Of  course,  additional  explorational  work 
will  undoubtedly  disclose  new  locahties  where  both  plant  and  weevil 
are  present. 

Because  of  the  apparent  concentration  of  the  weevils  around 
Tacson  it  was  beheved  that  this  was  the  point  of  greatest  danger  of 
infestation  of  the  cultivated  cotton,  and  the  economic  investigations 
were  conducted  there  While  the  largest  area  of  cotton  cultivation  in 
the  State  is  in  the  Salt  River  VaUey  in  the  vicinity  of  Phoenix,  the 
weevil  has  not  been  foimd  near  there,  and  the  Santa  Cruz  Valley 
seemed  in  more  immediate  danger. 

THE  THURBERIA  PLANT. 

Many  of  the  habits  of  the  weevil  are  directly  dependent  upon  the 
characteristics  of  the  Thurberia  plant,  and  the  habitat  and  activities 
of  this  plant  have  been  carefully  observed.  It  is  found  at  altitudes 
ranging  from  a  little  over  2,000  feet  to  7,000  feet.  While  colonies  are 
frequently  found  high  on  the  sides  of  the  canyons  and  on  the  ridges, 
the  most  conmion  habitat  in  the  mountains  around  Tucson  is  in  the 
beds  of  the  canyons  and  small  washes.    Here  it  grows  among  the 
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rocks  and  on  the  small  islands  in  the  bed  of  the  wash  wherever  there 
is  sufficient  moisture  and  enough  protection  from  the  force  of  the 
current  in  flood  seasons.  (PI.  I,  fig.  1.)  Many  of  the  small  washes 
down  near  the  base  of  the  mountains,  not  large  enough  to  deserve 
the  title  of  canyon,  support  great  numbers  of  the  plants.  Following 
down  from  such  situations  the  plant  is  found  in  the  arroyos  extend- 
ing out  through  the  mesa  and  often  at  quite  a  distance  from  the 
moxmtain  range  proper.  (PI.  I,  fig.  2.)  The  economic  significance  of 
this  lower  distribution  will  be  discussed  later  in  the  present  paper. 
In  the  ranges  where  the  weevils  have  been  found  their  distribution  is 
very  nearly  as  wide  as  that  of  the  plant. 

The  Thurberia  plant  is  a  large,  woody  perennial  and  frequently 
reaches  a  height  of  over  10  feet,  though  the  plants  ordinarily  met  are 
from  4  to  6  feet  tall.  (PI.  II.)  The  stem  is  very  tough  after  the 
first  year's  growth  and  supports  an  abundance  of  wide-spreading 
branches.  The  close  relationship  of  the  plant  to  cotton  is  quite 
apparent,  and  particularly  so  during  the  flowering  period.  A  great 
number  of  buds  (corresponding  to  the  ''square**  of  cotton)  are  pro- 
duced. After  blooming  the  square  forms  a  small  boll  not  unUke  that 
of  cultivated  cotton,  varying  from  one-half  to  three-fourths  of  an 
inch  in  length  when  fully  developed.  When  these  ripen  and  dry  they 
open  and  expose  the  three  to  five  cells,  each  containing  a  double  row 
of  angular,  blackish  seeds  covered  with  a  fine  pubescence.  More  or 
less  fiber  resembling  that  of  cotton  is  present  in  nearly  every  boll. 
It  is  in  this  boll  that  the  weevU  breeds. 

The  flowering  season  of  Thurberia  depends  upon  the  location, 
moisture,  altitude,  and  various  other  conditions.  In  practically 
all  locahties  in  the  mountains  around  Tucson  the  leaves  appear  in 
April  or  May.  In  the  lower,  moist  spots  the  plants  bear  fruit  buds 
almost  immediately  and  many  fruit  prolifically  at  this  time.  After 
two  or  three  weeks  of  this  flowering  the  buds  cease  to  appear  and 
there  is  a  quiescent  period  during  which  the  fruit  ripens.  Then 
another  crop  of  buds  appears  and  the  same  course  is  repeated.  In 
this  manner  as  many  as  four  crops  have  been  noted  on  a  few  plants 
during  the  season  of  1914  and  many  bore  three.  This  condition  was 
found  only  at  altitudes  below  3,000  feet.  Many  plants  midway  up 
the  mountains  bore  a  partial  crop  in  July  and  then  had  a  heavy  one 
in  August  and  September,  while  others  at  much  the  same  altitude 
had  only  the  latter  crop.  Throughout  the  entire  upper  distribution 
(above  4,500  feet)  the  plants  grew  luxuriantly  all  summer,  but  not 
a  single  fruiting  bud  was  produced  until  August.  Then  an  enor- 
mous crop  appeared,  and  flowering  continued  imtU  the  latter  part  of 
September.  This  flowering  evidently  varies  in  the  same  situations  in 
the  different  seasons  according  to  the  amount  of  rainfall. 
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Fig.  1.— Habitat  of  the  Wild  Cotton  Weevil  and  Its  Host  Plant. 

Basin  of  the  Mlla^roeo  Canyon  in  the  Santa  Catalina  Mountains,  Ariz.  This  is  an  ideal  lo- 
cation for  Thurberia  thegpeaioides,  the  wild  host  plant  of  Anthonomus  grandis  var.  tkurberise. 
Two  large  plants  may  be  seen  near  the  right-hand  margin  of  the  photograph.    (Original.) 


Fkj.  2.— The  Wild  Cotton  Weevil  and  Its  Host  Plant  in  the  Lower  Ranges. 

Habitat  of  Thurbcria  thespeHoides  and  the  wild  cotton  weevil  in  the  lower  ranges.  This 
Tiew  was  taken  in  the  Agua  Caliente  Arroyo,  Ariz.,  about  100  yards  below  the  plant  shown 
in  Plate  II,  Hguro  1.    (Original.) 
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Fig.  1  .—Dispersion  of  the  Wild  Cotton  Weevil. 

Typi^'iil  location  of  TlinrlM'ria  plant,  below  rfM'k,  in  Aerua  Cnliente  Arroyo,  Ariz.,  about  li 
miles  from  Iho  mouth  of  the  canyon.     (Original.) 


Fig.  2.— Thurberia  Thespesioides,  Host  Plant  of  the  Wild  Cotton  Weevil. 

id  conditions.    This 
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Growth  of  Thurberia  at  Aifua  Calicnte  Ranch.  Ariz.,  under  cultivated  conditions.    ThJa 
is  one  season's  growth  from  seed.    (Original.) 
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Injury  by  Boll  Weevil  to  Squares. 

o.  Bloom  checked  by  attacks  of  larva;  b,  square  opened,  .showiniar  grown  larva;  c,  square  opened. 
showing  pupa;  d,  dwarfed  boll  opened,  showing  one  larva  and  two  pupte;  e,  weevil  escaping 
from  square;  /,  emergence  hole  of  adult  in  square.    (From  Hunter  and  rierce.) 
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Injury  by  Boll  Weevil  to  Bolls, 

a,  Three  lan'je  In  boll;  ft,  emergence  hole  In  dry  unopened  boll;  c,  two  laryse  in  boll:  d,  weeriU 
puncturing  boll;  c,  opened  boll,  with  two  locks  injured  by  weevil;  /,  large  bolla  seTercly 
punctured.    (From  Hunter  and  Pierce.) 
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LIFE  mSTORT  OP  THE  WEEVIL  ON  COTTON  IN  THE  SOUTH. 

In  order  to  understand  the  life  cycle  of  the  weevil  it  is  well  to  review 
briefly  its  action  on  cultivated  cotton  in  the  Southern  States.  The 
female  bores  a  small  cavity  in  the  square  or  boll  and  deposits  the  egg 
in  this,  sealing  the  opening  with  a  small  gelatinous  scale.  The 
egg  hatches  in  a  few  days  and  the  larva  or  "worm"  feeds  upon  the 
inner  plant  tissue.  (Pis.  Ill  and  IV.)  After  a  period  varying  from  a 
few  days  to  about  two  weeks  the  larva  transforms  to  the  pupa,  a  quies- 
cent stage  in  which  the  first  resemblance  to  the  adult  weevil  is  shown. 
After  a  few  days  in  this  stage  the  pupa  sheds  its  skin  and  becomes  the 
adult  weevil,  which  quickly  leaves  the  square  or  boU  in  which  the 
immature  stages  were  passed  and  is  soon  ready  to  start  the  cycle 
again.  These  immature  stages  usually  require  from  two  to  three 
weeks,  although  they  vary  with  the  temperature,  food,  and  other 
environmental  factors.  Starting  in  May  or  June  and  continuing 
until  September  or  October,  as  is  the  case  in  the  cotton  States,  it 
is  quite  possible  for  six  or  eight  generations  to  be  produced  in  a 
sin^e  season,  and  as  most  females  deposit  from  100  to  300  eggs  or 
more  the  progeny  of  a  single  pair  may  reach  enormous  nimibers  in 
the  course  of  a  season.  In  fact,  it  has  been  conservatively  estimated 
that  the  annual  progeny  of  a  single  pair  of  hibernated  weevils  would 
reach  3,089,520. 

LIFE  HISTORY  OF  THE  WEEVIL  ON  THURBERU. 

While  the  details  of  the  life  cyde  of  the  Thurberia  weevil  in  the 
moimtains  in  Arizona  are  much  the  same  as  those  of  the  cotton 
weevil  in  the  South,  there  are  a  nmnber  of  important  differences. 
Among  them  is  the  mode  of  hibernation,  or  manner  in  which  the 
winter  is  passed.       ^ 

Adults  of  the  last  fall  generation  of  the  cotton  weevil  usually 
emerge  from  the  squares  or  bolls  in  which  they  breed  and  seek  shelter 
in  all  kinds  of  situations  offering  protection  near  the  cotton  fields. 
A  great  variety  of  crevices,  trash,  moss,  and  other  shelters  are  used 
for  this  purpose.  The  Thurberia  weevil,  on  the  other  hand,  fails  to 
emerge  in  the  fall,  but  remains  sealed  up  in  a  cell  formed  in  the 
midst  of  the  seeds  in  the  boll  and  passes  the  winter  in  this  condition. 
Then  in  the  spring,  instead  of  becoming  active  with  the  first  warm 
weather,  as  the  cotton  weevil  does,  the  greater  number  of  them 
remain  sealed  in  the  cell  until  the  rains  late  in  the  summer,  many 
not  emerging  tmtil  August.  This  is  simply  a  case  of  prolonging  the 
period  of  hibernation  into  one  of  aestivation,  a  habit  often  observed 
among  species  living  in  arid  regions.  In  order  to  know  when  to 
expect  the  weevils,  a  number  of  experiments  have  been  conducted 
in  the  laboratory  and  close  observations  have  been  made  in  the 
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field  to  determine  just  what  conditions  are  necessary  to  cause  the 
emergence  of  the  adult.  By  combining  the  records  secured  under 
both  natural  and  artificial  conditions  it  seems  quite  possible  to 
determine  more  or  less  definitely  under  what  conditions  the  weevils 
emerge,  and  by  studying  the  seasonal  climatology  of  the  r^on 
inhabited  by  the  weevils  we  may  know  when  to  expect  the  appearance 
of  the  adults. 

During  the  winter  the  boll  containmg  the  weevil  cell  passes  throu^ 
a  continual  process  of  partial  disintegration  caused  by  alternate 
moistening  and  drying.  Following  this,  more  or  less  moistening  of 
the  weevil  cell  is  necessary  to  allow  emergence  in  most  cases,  although 
an  occasional  individual  emerges  from  time  to  time  from  the  poorly 
constructed  cells.  With  this  as  a  basis  we  need  but  study  the  dis- 
tribution of  the  rainfall  through  the  spring  and  summer  months  in 
order  to  determine  when  emergence  of  the  weevils  is  to  be  expected. 
The  temperature  is  xmdoubtedly  usually  high  enough  by  the  1st  of 
April,  and  the  emergence  depends  almost  entirely  upon  the  rainfall 
from  this  time  onward.  April,  May,  and  Jime  are  the  dry  months 
in  this  locaUty,  but  a  study  of  the  seasonal  precipitation  for  a  num- 
ber of  years  shows  that  even  in  the  driest  of  years  there  are  some 
few  light  rains  in  this  period  and  usually  some  precipitation  each 
month.  So  we  may  expect  a  scattering  emergence  of  the  weevil 
throughout  the  spring  and  summer  months,  the  extent  of  this  emer- 
gence depending  upon  the  amount  of  the  precipitation,  and  finally 
culminating  in  the  almost  complete  emergence  following  the  heavy 
rains  of  July  and  August. 

This  very  late  emergence  of  the  Thurberia  weevils  shortens  the 
breeding  period  in  the  greater  part  of  the  mountains  to  not  over  two 
generations  annually  instead  of  the  six  to  eight  of  the  cotton  weevils. 

It  should  be  remembered  that  while  this  habit  of  hibernation  and 
aestivation  prevails  in  nature  now,  it  is  by  no  means  certain  that  it 
wiD  be  adhered  to  by  the  weevils  in  case  they  attack  cultivated 
cotton  in  the  valley,  but  it  appears  likely  to  continue  for  some  time 
at  Jeast.  Weevils  reared  on  cotton  in  Arizona  showed  a  very  definite 
adherence  to  this  cell  hibernation  habit  when  bred  in  the  bolls,  but 
it  seems  that  they  will  emerge  from  the  squares.  Since  the  females 
greatly  prefer  bolls  for  oviposition  it  seems  probable  that  nearly  all 
of  the  late-season  breeding  will  be  in  these,  and  consequently  little 
emei^encfe  in  the  fall  should  be  expected.  In  case  the  weevil  adheres 
to  this  cell  hibernation  habit  the  control  should  be  quite  simple, 
entaihng  only  the  winter  destruction  of  the  plants  and  hibernating 
weevib. 

Most  of  the  breeding  on  the  Thurberia  plant  seems  to  be  in  the 
bolls,  and  under  normal  conditions  the  bolls  from  one-third  to  three- 
fourths  grown  are  selected  for  egg  deposition.    The  eggs  are  placed 
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in  the  punctures  just  as  in  the  case  of  cotton  weevils  and  the  open- 
ings are  sealed  in  the  usual  way.  The  larva  feeds  upon  the  hnma- 
tnre  seeds  and  develops  in  much  the  same  manner  and  time  as  the 
cotton  weeviL 

DESCRIPnON  OF  STAGES  OF  THE  WEEVIL. 

The  egg. — ^The  egg  of  the  weevil  is  usually  eUiptical  in  shape  and 
is  of  a  pearly  white  color.  It  is  slightly  less  than  1  millimeter  (one 
twenty-fifth  of  an  inch)  in  length  and  is  deposited  by  the  female  at 
the  bottom  of  a  small  opening,  usually  near  the  base  of  the  bud  or 
boll,  and  deep  among  the  plant  tissues.  * 

The  larva, — Immediately  after  hatching  the  young  larva  is  a  white 
legless  grub  only  slightly  longer  than  the  egg  itself.  It  feeds  entirely 
upon  the  inner  tissue  of  the  bud  or  boll  a^id  enlarges  the  cavity  as  it 
grows.  It  soon  assiunes  a  ventrally  curved,  crescentic  form  and 
when  fully  developed  averages  about  1  centimeter  (two-fifths  of  an 
inch)  in  length  across  the  curve. 

The  pupa, — The  pupa  is  either  pearly  or  creamy  white  and  is  very 
ddicate.  The  form  of  the  legs,  beak,  and  wings  may  be  observed  in 
this  stage. 

The  advli, — When  the  weevil  first  transforms  from  the  pupa  to  the 
adult  it  is  quite  soft,  weak,  and  very  light  in  color.  It  hardens  and 
darkens  in  the  course  of  a  day*  or  two  and  is  then  fully  matiu'e.  It 
is  a  stout,  subovate  beetle,  with  a  long  snout  or  proboscis.  The 
color  varies  from  light  golden  brown  to  very  nearly  black,  according 
to  the  age  and  condition  of  the  individual.  When  newly  emerged 
it  is  clothed  with  light-colored  scales,  but  these  frequently  rub  off  in 
the  course  of  the  activities  of  the  weevil,  and  the  darker  color  of 
the  body  predominates. 

The  size  of  the  adult  is  also  exceedingly  variable  and  is  deter- 
mined largely  by  the  food  supply  of  the  larva.  In  length  adults 
vary  from  2.5  to  7  miUimeters  (one-tenth  to  one-fourth  of  an  inch). 

NATURE  OF  DAMAGE  TO  COTTON. 

The  actual  damage  of  the  weevil  to  cultivated  cotton  consists  in 
the  direct  attack  upon  both  the  buds  and  bolls.  The  adults  feed  by 
making  punctures  with  their  long  beaks  deep  into  the  tissues  of  these, 
and  several  such  punctures  will  prevent  a  bud  from  blooming  or 
will  destroy  the  lock  of  the  boll  in  which  they  are  located.  By 
far  the  greater  part  of  the  injury,  however,  is  due  to  the  work  of 
the  larval  or  **worm"  stage.  The  female  weevil  deposits  the  egg 
in  the  bud  or  boll  and  the  one  larva  completely  destroys  the  con- 
tents of  the  bud  or  lock  in  which  it  is  located.  Within  a  few  days 
after  the  deposition  of  the  egg  the  square  ** flares."  That  is,  the 
involucral  bracts  or  greenish  leaves,  with  which  the  bud  is  normally 
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covered,  open  back  flat  in  a  very  abnormal  position  and  become 
pale,  sickly  yellow.  Such  an  injured  square  is  very  conspicuous  on 
a  plant  in  the  field  and  is  usually  the  first  indication  noted  of  the 
presence  of  weevils.  After  a  few  days  the  square  falls  to  the  ground 
in  nearly  all  varieties  of  cotton,  and  in  heavily  infested  fields  in  the 
South  it  is  a  very  common  sight  to  see  great  numbers  of  these  squares 
scattered  beneath  the  plants.  With  the  bolls  the  injury  is  not  so 
easily  noted,  since  they  do  not  fall  unless  very  heavily  infested,  but 
the  punctures  are  readily  found  by  a  careful  examination,  and  fre- 
quently the  form  of  the  boll  is  distorted.     (Pis.  Ill  and  IV.) 

FOOD  PREFERENCES  OF  THE  ARIZONA  WEEVILS. 

A  number  of  tests  have  been  made  to  determine  whether  or  not 
the  Thurberia  weevil  displays  any  preference  for  either  Thurberia 
or  cultivated  cotton.  These  experiments  were  conducted  both  in 
the  laboratory  and  in  large  cages  in  the  field,  and  great  care  was  taken 
to  eliminate  aU  factors  from  the  choice  other  than  the  actual  attrac- 
tion of  the  plants.  It  was  found  that  individuals  removed  from 
hibernation  cells  and  offered  both  plants  displayed  what  seemed  to  be 
only  the  slightest  choice  in  favor  of  Thurberia,  and  this  disappeared 
after  a  few  days'  feeding.  Weevils  removed  from  the  cells  and  fed 
only  upon  Thurberia  for  a  few  days  and  then  oflFered  a  choice  at  first 
displayed  a  marked  preference  for  Thurberia.  After  a  few  days' 
feeding  in  the  presence  of  both  plants  this  preference  gradually  dis- 
appeared and  cotton  was  as  much  eaten  as  Thurberia.  Weevils  fed 
only  upon  cotton  for  a  few  days  after  removal  from  the  cells  would  at 
first  display  a  choice  in  favor  of  cotton,  but  this  disappeared  in  the 
same  manner.  From  these  experiments,  and  also  from  observations 
made  in  the  field  in  1914,  it  seems  safe  to  conclude  that  the  weevils 
have  very  little  inherent  preference  for  either  plant  and  that  neither 
plant  has  the  power  to  attract  them  away  from  the  other. 

THE  TRANSFER  TO  COTTON. 

The  transfer  of  the  weevil  to  cultivated  cotton  may  be  accom- 
plished in  two  ways,  i.  e.,  by  flight  or  by  water.  While  it  is  of  course 
impossible  to  determine  the  exact  extent  of  the  flight  of  these  weevils, 
either  in  distance  or  frequency,  all  available  evidence  seems  to  indi- 
cate that  this  means  is  likely  to  be  of  little  importance  in  the  pri- 
mary spread  of  the  weevils.  It  seems  that  as  long  as  there  is  an 
abundance  of  food  at  hand  the  weevils  will  fly  very  Uttle,  but  in  case 
of  food  shortage  they  fly  readily.  On  the  other  hand,  the  habits 
and  present  distribution  of  the  weevil  make  the  species  particularly 
adapted  to  dispersion  by  floods.  Most  of  the  Thurberia  plants  grow 
either  directly  in  the  wash  of  a  canyon  or  arroyo  or  where  the  surface 
drainage  is  directly  into  such  a  wash.     Many  of  the  bolls  containing 
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the  hibernating  weevils  in  their  cells  fall  to  the  ground  during  the 
months  of  the  winter,  spring,  and  early  summer,  and  because  of 
their  size  and  shape  they  are  well  adapted  for  being  carried  great  dis- 
tances out  through  the  foothills  on  to  the  plains  by  the  floods  that 
occur  every  season.  Here  they  are  deposited  by  the  water,  and,  the 
cells  having  been  sufficiently  moistened,  the  weevils  emerge.  Thence 
they  will  fly  in  search  of  food,  and  if  they  have  been  carried  out  into 
the  zone  of  cotton  the  danger  of  infestation  is  quite  apparent.  It  is 
in  this  manner  that  the  infestation  is  most  likely  to  take  place; 
hence  the  importance  of  a  study  of  the  surface  drainage  carrying  the 
water  from  the  infested  mountains  into  the  various  rivers. 

In  this  connection  the  distribution  of  the  plants  through  the 
lower  arroyos  is  especially  important.  In  many  locaUties  these  now 
support  weevils  and  so  are  a  constant  menace  to  cotton,  while  even 
where  the  weevils  are  not  now  present  they  are  always  likely  to  serve 
as  stepping  stones  in  the  downward  movement  of  the  weevil  main- 
tained by  the  floods. 

In  the  course  of  the  investigations  several  small  plats  of  cotton 
were  planted,  comprising  in  all  a  Httle  over  one-fourth  of  an  acre. 
On  the  30th  of  July  the  writer  noted  several  flared  squares  in  this 
cotton.  Examination  showed  them  to  contain  weevil  punctures, 
and  a  careful  survey  of  the  entire  plat  revealed  the  fact  that  a  light 
infestation  of  weevils  was  present.  During  the  remainder  of  the  sea- 
son all  infested  squares  and  bolls  noted  were  collected  and  a  few 
adult  weevils  were  captured  on  the  cotton.  The  infestation  never 
became  heavy,  but  it  was  quite  evident  that  some  10  or  15  weevils 
arrived  at  the  plat  at  different  times  during  the  next  two  months. 
This  is  of  course  conclusive  proof  of  the  transfer  from  wild  to  culti- 
vated cotton. 

Early  in  the  season,  when  a  survey  of  the  cotmtryside  was  made,  it 
was  decided  that  the  ranch  where  this  cotton  was  planted  was  a 
logical  point  for  infestation  by  the  boll  weevil.  It  is  located  at  the 
junction  of  the  arroyos  from  two  large  canyons,  and  consequently 
receives  a  concentration  of  the  water  flow  from  these  two  canyons 
and  all  intermediate  territory.  The  Thurberia  plant  is  quite  common 
throughout  this  drainage  system  and  extends  down  to  within  a 
fourth  of  a  mile  of  the  ranch,  although  the  nearest  plants  found 
infested  with  weevils  are  sUghtly  farther  away.  The  writer  feels 
that  in  the  course  of  the  weevil  collections  during  the  early  summer 
every  weevil  within  at  least  a  mile  of  the  ranch  was  gathered;  the 
infestation  must  therefore  have  been  due  to  weevils  brought  down  by 
the  floods  from  some  distance  above.  In  fact  the  week  before  the 
infestation  was  first  noted  there  had  been  a  number  of  rains  in  this 
territory,  and  on  one  occasion  the  canyons  had  poured  water  down 
into  the  washes  and  out  as  far  as  the  ranch.     These  arroyos  are  nearly 
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all  very  rapid  in  descent  near  the  mountains,  and  very  rocky,  so  that 
comparatively  little  of  the  water  seeps  into  the  ground  in  this  part 
of  the  journey  and  the  force  of  the  current  scours  the  channel  clean. 
Just  above  the  ranch  the  character  of  the  stream  bed  changes  and 
it  becomes  wide  and  sandy.  Here  the  water  seeps  rapidly  and  prac- 
tically every  flood  of  the  present  season  was  able  to  reach  but  little 
below  the  ranch  in  this  sand.  Hence  the  Thurberia  bolls  containing 
weevils  may  be  expected  to  pass  through  the  rapid  part  of  the  stream 
and  be  deposited  on  the  sand  where  the  flow  stops  near  the  ranch. 
It  was  probably  some  such  procedure  as  this  which  caused  the  infes- 
tation of  the  experimental  cotton  during  the  season  of  1914,  and  the 
possibility  of  future  infestation  will  always  be  present. 

PROSPECTS. 

From  the  various  observations  reported  herein  it  seems  quite  evi- 
dent that  it  is  only  a  matter  of  time  until  the  weevil  wUl  appear  on 
the  cotton  cultivated  near  Tucson.  The  territory  best  adapted  for 
the  cultivation  of  cotton  and  that  upon  which  it  seems  most  likely  to 
be  raised  is  nearly  all  within  easy  reach  of  the  floods  from  weevil- 
infested  territory.  While  it  is  obviously  impossible  to  state  that  the 
infestation  will  appear  at  a  certain  point,  there  are  many  places  more 
liable  to  infestation  than  others.  Such  a  location  has  been  described 
at  the  ranch  where  the  cotton  was  infested  and  a  number  of  similar 
ones  occur  along  the  mountain  slopes.  The  fact  that  the  experimen- 
tal cotton  was  infested  during  1914  demonstrated  the  importance  of 
such  a  situation,  but,  on  the  other  hand,  it  is  by  no  means  certain 
that  the  infestation  would  be  repeated  each  season.  However,  the 
movement  of  the  weevils  out  into  the  plains  which  takes  place  every 
year  must  sooner  or  later  result  in  the  infestation  of  cultivated  cotton 
in  the  valley.  These  weevils  which  are  washed  into  the  field  can  do 
comparatively  little  damage  themselves,  but  the  result  to  be  feared 
is  that  their  progeny  will  become  established  in  the  valley,  will  winter 
there,  and  will  become  more  and  more  adapted  to  injuring  cultivated 
cotton. 

Another  point  which  is  hkely  to  be  of  prime  importance  in  the  trans- 
fer of  the  weevil  is  the  practice  among  many  ranchers  of  using  these 
floods  for  irrigating  their  land.  A  ditch  is  opened  from  the  arroyo 
and  in  time  of  flood  the  water  is  diverted  into  this  ditch  and  conveyed 
to  the  cultivated  land.  Agua  Cahente  arroyo  is  tapped  in  this  manner 
near  one  comer  of  the  Agua  Caliente  ranch  and  the  water  is  led  oflF  to 
a  ranch  on  the  west  side  of  the  stream  bed.  Soldier's  Canyon  arroyo 
is  tapped  in  the  same  way  about  one-half  mile  from  the  mouth  of  the 
canyon  and  the  water  is  carried  oflF  to  the  southwest  through  several 
homesteads.  The  water  from  Sabino  and  Bear  Canyons  is  \ised  in 
the  same  way  near  the  junction  of  the  two  arroyos.    Since  these 
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ditches  all  leave  the  washes  at  points  very  dose  to  Thurberia  plants 
and  in  some  cases  among  weevil-infested  plants,  it  is  quite  easy  to  see 
the  probable  importance  of  this  method  of  irrigation  in  introducing 
weevils  and  weevil-infested  bolls  directly  into  the  fields. 

It  is  also  the  custom  of  a  number  of  ranchers  down  in  the  river 
vallej^  to  aUow  their  land  to  be  flooded  whenever  possible  in  order  to 
secure  the  soil  deposit  as  well  as  moisture.  While  these  places  are 
farther  from  weevil  sources  it  is  quite  possible  for  weevils  to  be  intro- 
duced in  this  manner. 

At  present  the  cotton  cultivated  near  Tucson  is  practically  all  north- 
west of  the  city  near  the  Santa  Cruz  and  RiUito  Rivers.  The  near- 
est mountains  in  which  we  have  found  the  weevils  are  the  Santa 
Catalinas,  and  at  the  western  end  these  drain  more  or  less  directly 
into  the  vaUey  now  cultivated.  Pima  Canyon  and  the  small  washes 
adjoining  it  drain  slightly  west  of  south  into  the  RiUito  and  thence 
directly  into  cotton  land.  The  northwestern  slope  at  this  end  of  the 
range,  including  Montrose  and  Romero  Canyons,  drains  into  the 
Canada  del  Oro,  and  this  water  flows  southwest  into  very  nearly  the 
same  territory.  The  drainage  of  the  entire  southern  slope  of  the 
Catalina  Range  is  thickly  infested  with  the  weevils,  which  frequently 
extend  along  the  '* washes^'  very  nearly  to  the  RiUito.  There  is  no 
doubt  that  every  season  a  number  of  weevils  are  washed  down  into 
this  country,  and  any  cotton  cultivated  in  this  part  of  the  RiUito 
VaDey  wiU  be  in  constant  danger  of  infestation.  On  the  east  the 
Tanque  Verde  Mountains  supply  a  stock  of  weevils  carried  down 
toward  the  viUage  of  Tanque  Verde,  while  southeast  of  Tucson,  near 
Vail  and  Irene,  the  headwaters  of  the  Pantano  are  furnished  with 
weevils  from  the  ends  of  the  Rincon  and  Santa  Rita  Ranges.  South 
of  Tucson  in  the  valley  of  the  Santa  Cruz  the  drainage  from  the  north- 
western slopes  of  the  Santa  Ritas  contains  weevils  and  Thurberia 
plants  weU  down  toward  the  river  itself.  West  of  Tucson  there  seems 
to  be  very  Uttle  danger  other  than  that  from  the  end  of  the  Catalinas, 
as  the  Tucson  and  other  ranges  here  seem  unable  to  support  the  plant. 

Under  the  existing  circumstances  there  seems  to  be  no  measure 
which  can  be  taken  to  prevent  the  introduction  of  the  weevil  into 
cotton  fields,  but  a  close  watch  should  be  continued  at  all  times  in 
order  that  an  attempt  may  be  made  to  control  them  as  soon  as  they 
appear.  Planters  should  maintain  a  careful  watch  for  either  flared 
or  faUen  squares  and  bolls  in  the  field  and  examine  them  for  either 
the  feeding  punctures  or  larvae  of  the  weevils.  This  observation 
should  be  especially  close  in  fields  or  parts  of  fields  adjacent  to  water 
courses  carrying  drainage  from  situations  such  as  those  described  as 
normal  for  Thurberia. 

At  the  present  stage  of  the  investigations  it  is  impossible  to  pre- 
dict just  what  the  extent  of  the  damage  by  the  weevils  wiU  be  when 
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they  attack  cotton.  Many  of  the  habits  of  the  Thurberia  weevil  are 
adapted  to  the  activities  of  these  plants  and  to  the  higher  altitudes  at 
which  they  live,  and  it  is  questionable  just  how  readily  and  to  what 
extent  it  will  adapt  itself  to  cotton.  But  since  the  species  has  shown 
such  great  adaptiveness  in  the  Southern  States,  it  is  to  be  feared  that 
the  Arizona  form  will  do  the  same.  At  any  rate,  it  is  an  ever-present 
menace  to  cotton  cultivation  in  the  Santa  Cruz  Valley  and  should  be 
watched  most  carefully.  It  is  quite  probable  that  with  a  more  inti- 
mate knowledge  of  the  extent  of  the  weevil  distribution  in  the  State 
it  will  be  possible  to  establish  local  quarantines  of  seed-cotton  ship- 
ments which  will  at  least  keep  the  weevils  out  of  the  localities  which 
do  not  have  the  species  present  in  nature.  In  the  Southern  States 
cotton  cultivation  is  of  course  very  general  and  there  the  weevil  ad- 
vances each  season  by  flying,  but  in  Arizona,  where  the  diflFerent 
areas  suitable  for  cultivation  are  separated  by  considerable  stretches 
of  mountainous  country,  such  a  means  of  dispersion  would  only  be 
possible  within  very  Umited  areas.  Consequently  it  should  be  possi- 
ble to  keep  the  weevil  entirely  out  of  areas  not  within  range  of  direct 
infestation  from  nature. 

In  addition  to  the  watch  for  infestation  by  native  weevils,  the  dan- 
ger of  importation  of  the  weevil  from  the  Southern  States  should  be 
remembered,  and  all  efforts  should  be  made  to  validate  the  quaran- 
tine against  this  variety. 

SUMMARY. 

1.  A  weevil  very  closely  related  to  the  Mexican  cotton-boll  weevil 
exists  on  a  wild  cotton  plant  in  some  of  the  mountains  of  southeastern 
Arizona. 

2.  The  species  seems  to  be  particularly  concentrated  in  the  ranges 
surrounding  Tucson. 

3.  This  weevil  may  transfer  its  attack  from  the  wild  cotton  plant 
to  the  cultivated  cotton  in  the  Santa  Cruz  and  Rillito  Valleys  at  an 
early  date. 

4.  Its  present  habits  are  such  that  it  would  not  injure  cotton 
greatly,  but  these  habits  will  probably  be  changed  to  a  certain  ex- 
tent and  more  injurious  ones  acquired. 

5.  The  present  habits  render  it  quite  probable  that  the  control  of 
the  Arizona  form  will  be  a  very  different  problem  from  that  of  the 
cotton  weevil  and  more  easily  solved. 

6.  A  careful  watch  should  be  maintained  for  the  first  appearance 
of  the  weevil  on  cultivated  cotton  in  order  that  it  may  be  combated 
successfully. 
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OWNERSHIP  AND  SUPPLY. 

Lodgepole  pine  (Pinus  contorta)  is  the  most  important  timber 
tree  of  that  portion  of  the  Rocky  Mountains  lying  between  northern 
Colorado  and  central  Montana.  Once  considered  practically  worth- 
less, it  now  brings  the  Federal  Government  a  revenue  of  from  $10  to 
SlOO  an  acre  in  National  Forest  timber  sales. 

By  far  the  greater  part  of  the  present  supply  of  lodgepole  pine  is 
induded  within  the  National  Forests.  As  will  be  seen  from  Table  1, 
it  is  the  most  important  tree  species  on  a  number  of  Forests  in 
Montana,  Wyoming,  Colorado,  Idaho,  and  Utah,  forming  in  such 
cases  from  30  to  92  per  cent  of  the  total  stand  of  timber,  and  is  of 
commercial  though  not  primary  importance  on  still  other  Forests  in 
tiieseStates  and  in  Washington,  Oregon,  and  California.  The  principal 
privately  owned  bodies  of  lodgepole  pine  of  any  size  are  in  Montana, 
where  the  State  and  the  Northern  Pacific  Railroad  hold  considerable 
tracts.  The  total  stand  of  lodgepole  pine  on  those  Forests  where  it  is 
commercially  important  has  been  estimated  at  about  40  billion  board 
feet  (Table  1).  Figure  1  shows  by  National  Forests  the  regions 
where  lodgepole  pine  occurs,  either  commercially  or  botanically. 

80546*— BuU.  234-15 1 
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Table  1. — Estimated  stOTid  of  lodgepole  pine  on  the  National  Forests  in  which  it  is  of 

commercial  importance. 


state. 


MONTANA. 

Forests  In  which  lodgepole 
pine  is  most  important 
species: 

Missoula 

Beaverhead 

Gallatin 

Jefferson 

Deerlddg* 

MKflsen 

Absaroka. 

Beartooth 

Helena , 

Lewis  and  Clark 

Forests  in  which  lodgepole 
pine  is  of  oommercial  out 
not  of  primary  imjiortance: 

Bltterroot 

Blackfeet 

Flathead 

Lolo 

Kootenai 

Total 

WTOMINO. 

Forests  in  which  lodgepole 
pine  is  most  important 
species: 

Medicine  Bow 

Washakie 

Bighorn 

Harden 

Bridgcr 

Bonneville 

Wyoming 

Shoshone 

Total 

COLORADO. 

Forests  in  which  lodgepole 
pine  is  most  important 
Fpecles: 

Arapaho 

Colorado , 

Forests  in  which  lodmpole 
pine  is  of  commercial  out 
not  of  primary  importance: 

Holy  Cross 

Leadvllle 

Routt 

Gunnison 

Sopris 

Pike 

White  River 

Cochetqpa 

San  Isabel 

Total 


Forests  In  which  lodgepole 
pine  is  most  important 
species: 

Idaho 

Targhee 

Palfi»de. 


Stand  of 
lodgepole 
pine,  1.000 
board  feet. 


2,464,000 
1,132,000 
750,000 
88,000 
600,000 
537,000 
810,000 
208,000 
440,000 
750,000 


1,713,000 
225,000 
810,000 
118,000 
600,000 


11,314,000 


2,302,000 
255.000 
895,000 
480,000 
432,000 
426,000 
408,000 
306,000 


5,684,000 


1,517,000 
753,000 


260,000 
385,000 
417.000 
88,000 
73,000 
86,000 
55,000 
12,000 
17,000 


2,210,000 
420,000 
112,000 


Per 
cent  of 

total 
stand. 


40 
34 
25 
18 
10 
8 

V 

2 


State. 


IDAHO— continued. 

Forests  in  which  lodgepole 
pine  is  of  conmiercial  Dut 
not  of  primary  importance: 

Caribou 

NesPeroe 

Setway 

Minidoka 

Sawtooth 

Boise 

Weisfl- 

Salmon 

Payette 

Clearwater 

Coeurd'Alene 

Total 

tJTAH. 

Forests  in  which  lodgepole 
pine  is  most  important 
species: 

Ashley 

Uinta 

Forest   in  which   lodgepole 

pine  is  of  commercial  Dut 

not  of  primary  importance: 

Cache 

Total 

WASHINQTON. 

Forests  in  which  lodgepole 
pine  is  of  commercial  out 
not  of  primary  imiwrtance: 

Wenaha 

Okanogan 

Chelan 

Kaniksu 

Wenatchee 

Total 

ORBOON. 

Forests  in  which  lodemole 
pine  is  of  commercial  out 
not  of  primary  importance: 

Paulina 

Minam 

Deschutes 

Whitman 

Wallowa 

Umatilla 

Fremont 

Malheur 

Ochooo 

Total 

CALirORNU. 

Forests  in  which  lodgepole 
pine  is  of  commercial  out 
not  of  primary  importance: 

Lassen 

Sequoia 

Kern 

Mono 

Total 


Stand  of  ( 
lodgepole  i 


370,000 

24,000 

875,000 

1,818,000 

68,000 

146,001 

871,000 

146,000 

100,000 

163,000 

120,000 

10,000 


Per 
xotof 
total 


6,083,000 


1,446^«)0 
TU^OOO 


6,000 


2,184,000 


2,060,000 

900,000 

277,000 

67,000 

41,000 


3,366,000 


2,456,000 
790,000 
796,000 
440,000 
251,000 
46,000 
133,000 
106,000 
118,000 


5,144,000 


1,200,000 
460,000 
800,000  I 
106,000 


2,081,000 


Total  stand  of  lod^epolo  T)lne  on  thjse  Natioaai  Forests  where  it  is  of  commercial  importance,  40380.- 
000,000  board  feet.  i-  .     .-      , 
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CHARACTERISTICS  OF  THE  WOOD. 

The  wood  of  lodgepole  pine  is  straight  grained,  with  narrow  rings 
IQ  which  the  resinous  bands  of  summerwood  are  conspicuous,  though 
rdatively  small  when  compared  with  the  springwood.  It  is  more 
resinous  than  eastern  white  pine  (Pinus  atrclbus),  but  less  so  than  the 
yellow  pines  of  the  South  and  West.  In  color  it  varies  from  ahnost 
white  to  a  light  yellow  or  yellow-brown,  with  a  tinge  of  red  in  the 
heartwood.  Its  specific  gravity  (oven  dry)  is  about  0.38,  and  its 
weight  varies  from  25  to  30  pounds  per  cubic  Coot.  The  wood  is  fairly 
soft — about  the  same  as  eastern  white  spruce  (Picea  canadensis) — 
and  is  easily  worked.  Though  not  so  strong  as  Douglas  fir  of  the 
Pacific  coast  {Psevdotsuga  taxifolia),  a  heavier  wood,  tests  made  by  the 
Forest  Service  show  it  to  be  practically  as  strong  as  western  yellow  pine 
{Firms  ponderosa),  and  stronger  than  Engelmann  spruce  {Picea  engel- 
manni)  and  Alpine  fir  {Abies  lasiocarpa),  three  woods  of  more  nearly 
its  weight.  Tests  made  on  lodgepole  pine  and  western  red  cedar 
{Thuja  plicaia)  telephone  poles  cut  green  and  seasoned  showed  lodge- 
pole pine  to  be  the  stronger,  both  in  crossbending  and  in  compression 
parallel  and  perpendicular  to  the  grain.  The  strength  of  fire-killed 
lodgepole-pine  poles  was  found  to  be  approximately  the  same  as  that 
of  red  cedar  poles  cut  green  and  seasoned.  Lodgepole  pine  is  not 
durable  in  contact  with  the  soil,  but  is  easy  to  treat  with  preserva- 
tives. Plate  I  shows  magnified  sections  of  the  wood.  Table  2  gives 
figures  of  strength  for  green  and  air-seasoned  lodgepole  pine  com- 
pared with  figures  for  other  Rocky  Mountain  woods. 

Table  2.— Strength  of  green^  and  air-seasoned^  todgej^ole-pine  timber,  compared  with 
other  Rocky  Mountain  species, 

[PiWd  qn twtg  of  gnmll,  i*Htf  qwvHmcma^  9  hy  2  fafthfls  In  crosa  HftRtlm^  with  a  «-hi<»h  gpan  in  thA  hAnrifng  iAit  ] 


Spedes  and  locaUty. 


Lotopole  pine,  Orand  County, 
L^epole  pine,  JohnscD  County, 

Boa^as  fir,  Johnson  County,  Wyo. 

Western  yellow   pine,   Coconino 

Cojmty,  Arix 

Western    yellow    pine,    Doaglas 

County,  Colo. 

Western   yellow    pine,    Missoula 

Coiinty,Mont 

ED^hnann  sprace.  Grand  County, 

Goto. 

IngeliMim  spruce,   San   Miguel 

County,Colo !.... 


Alpine  fir,  Grand  County,  Colo.. . . . 


Rings 
per 
inch. 


21 


Sto- 
cmo 
grav- 
Tty.i 


0.370 
.392 
.371 
.390 
.418 
.435 
.353 
.384 
.391 
.411 
.371 


.342 
.299 
.314 
.306 
.321 


Mols- 
ture 
con- 
tent. 


Per 
can. 

44 

11.0 

58 

12.0 

82 

12.0 

98 

11.6 

93 

13.8 
119 


45 
12.8 
156 
16.8 
47 
15.9 


Static  bending. 


[odu- 
usof 
9las- 
Icity. 


ifiOO 
«.  per 

f.tn. 
,015 
1,270 

972 
1,176 
1,242 
1,392 

879 
1,103 
1,053 
1,283 

865 


1,074 
798 
990 
861 

887 


Work 

to 
maxi- 
mum 
load. 


Com- 

pressicn 

parallel 

to  grain 

(crushing 

strength). 


Inch-lbs. 
per 

ctt.  in. 
5.1 
6.7 
5.3 
5.2 
7.0 
6.3 
4.9 
4.6 
6.0 
7.0 
5.2 


Com- 
pres- 
sion 
perpen- 
dicular 
to  grain 
(fiber 
stress  at 
elastic 
limit). 


Lbs.  per 
80.  tn. 
2,530 
5,520 
2,400 
5,330 
2,920 
6,050 
2,220 
5,220 
2,600 
4,920 
2,370 


4.8 
5.4 
5.0 
6.4 
4.4 
3.4 


2,170 
4,560 
1,800 
3,060 
2,060 
3,400 


Lbs.  per 
sq.  in. 
364 
779 
332 
824 
427 
744 
342 
790 
410 
714 
313 


302 
589 
279 
447 
307 
504 


»  Based  on  oven-dry  weight  and  vohime  when  tested  for  strength. 
Note.— Values  lor  green  timber  on  first  line,  lor  air-dry  on  second  line,  opposite  species  and  locality. 


Digiti 


zed  by  Google 


4  BULLETIN   234,  U.   S.   DEPARTMENT  OF  AGRICULTURE. 

USES. 

MINE  TIMBERS  AND  CONVERTER   POLES. 

Ill  Montana  lodgepole  pine  is  used  mainly  for  mine  timbers. 
Butte  offers  the  greatest  single  market  for  the  wood  to  be  found 
anywhere,  consuming  annually  about  250,000  lodgepole-pine  stuUs, 
scaling  some  10,000,000  board  feet,  and  130,000  lagging  poles.  The 
stulls  vary  in  length  from  14  to  16  feet,  and  in  diameter  from  6  to 
23  inches.  The  If^ging  poles  are  16  feet  long,  with  a  diameter  of  only 
3  or  4  inches. 

Butte  consumes  annually  about  95,000,000  board  feet  of  timber 
of  all  kinds,  of  which  nearly  90  per  cent  is  sawed  yellow  pine,  fir,  and 
larch  (Larix  occidentalis) ,  the  remainder  being  made  up  largely  of 
the  round  lodgepole-pine  timbers  mentioned  in  the  preceding  para- 
graph. Wherever  practicable  mine  operators  are  now  replacing  the 
sawed  timber  with  lodgepole-pine  timber  in  the  roimd  for  the  sake  of 
economy.  Sawed  timber  at  Butte  costs  approximately  $18  per 
thousand  board  feet,  while  an  equivalent  amount  of  lodgepole  pine, 
from  the  standpoint  of  strength,  can  be  delivered  there  for  $8.50. 
Round  lodgepole-pine  timber,  moreover,  is  ^'framed''  by  machinery, 
while  the  sawed  timber  must  usually  be  framed  by  hand,  a  more  ex- 
pensive process. 

In  addition  to  the  metal  mines,  the  coal  mines  of  Montana,  Wyo- 
ming, and  Colorado  consume  large  quantities  of  lodgepole  pine  in  the 
round,  and  this  market  is  steadily  growing.  Still  another  market  is 
offered  by  the  smelters  at  Anaconda  and  Great  Falls,  which  use  an- 
nually about  50,000  converter  poles,  from  24  to  30  feet  long  and  from 
3  to  5  inches  in  diameter,  in  the  final  process  of  deoxidizing  the 
matte. 

RAILWAY   TIES. 

Lodgepole  pine  has  been  used  for  crossties  ever  since  the  first 
transcontinental  railroad  was  built  across  the  Rocky  Mountains. 
Its  short  life  in  service  under  natural  conditions,  however,  does  not 
recommend  it  to  the  railroads  as  a  tie  material  unless  it  can  be 
treated  with  preservatives.  At  present  lodgepole  pine  is  not  much 
used  for  ties  in  Montana,  because  the  treating  plants  mamtamed  by 
the  Great  Northern  and  Northern  Pacific  Railroads  are  both  located 
in  the  western  part  of  the  State,  where  large  quantities  of  Douglas  fir 
and  larch  are  available.  As  the  supply  of  these  woods  is  reduced, 
however,  it  is  Hkely  that  lodgepole  pine  will  find  a  much  wider  use 
in  Montana  as  a  tie  material. 

In  Wyoming  lodgepole  pine  is  used  in  considerable  quantities  for 
crossties,  two  of  the  transcontinental  railroads  maintaining  large 
treating  plants  at  Laramie  and  Sheridan,  respectively,  at  the  first 
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of  which  lodgepole  pine  is  the  only  wood  treated  and  at  the  other 
fonns  the  bulk  of  the  material  handled.  Both  plants  use  zinc  chlo- 
ride as  the  preservatiye,  injecting  a  solution  into  the  timber  imder 
pressure.  Census  figures  show  that  in  1911  92,158  ties  were  treated 
hj  this  process  in  Wyoming.  One  of  the  railroads  estimates  the 
fife  of  a  treated  lodgepole-pine  tie  at  10  years,  as  compared  with  6 
years  when  untreated. 

The  wood  is  not  used  for  ties  to  aay  extent  in  Colorado,  and  the 
material  employed  is  imtreated. 

LUBfBEE. 

Lodgepole  pine  finds  a  relatively  small  use  as  lumber,  forming  only 
0.1  per  cent  of  the  total  lumber  cut  of  the  United  States.  Even  in 
mature  stands  only  about  20  per  cent  of  the  material  is  large  enough 
for  saw  timber,  and  the  logs  taken  out  run  from  20  to  30  to  the  thou- 
sand board  feet.  Such  sizes  do  not  yield  wide  lumber,  and  are  more 
expensive  to  log  than  larger  stujBf.  The  mills  in  the  lodgepole  region, 
moreover,  are  as  a  rule  not  equipped  to  turn  out  a  high-grade  product. 
Yet,  when  carefully  manufactured,  lodgepole  pine  lumber  is  by  no 
means  as  inferior  as  many  persons  seem  to  believe.  In  quality  it 
ranks  between  western  yellow  pine  and  western  white  pine  (JPinus  morir 
iicola)j  and  in  fact,  is  usually  mixed  with  the  former,  and  sometimes 
with  the  latter.  While  the  small  sound  knots  which  are  characteristic 
of  lodgepole  pine  make  it  difficult  to  turn  out  any  large  quantity  of  clear 
hmber,  they  do  not  prevent  a  high  percentage  from  going  into  No.  1 
and  No.  2  common  of  the  narrower  widths.  At  present  most  of  the 
lodgepole  pine  lumber  is  used  locally  for  rough  construction  and  re- 
pairs, though  in  some  places  where  other  species  are  not  available  it  is 
also  used  for  flooring,  siding,  and  finish. 

Table  3,  which  is  based  upon  figures  gathered  by  the  census, 
shows  that  the  use  of  lodgepole  pine  for  lumber,  though  restricted,  is 
steadily  increasing.  As  a  matter  of  fact,  the  annual  increase  in  the 
himber  cut  is  probably  even  greater  than  the  table  indicates,  since 
the  figures  for  1909  are  based  on  reports  from  a  larger  number  of 
miDs,  and  so  more  nearly  represent  the  total  cut  for  the  year  than 
those  for  1910  and  1911.  It  is  also  probable  that  the  cut  of  lodgepole 
pine  in  the  ''Inland  Empire"  (northwestern  Montana,  northern 
Idaho,  and  eastern  Washington)  is  larger  than  that  shown,  due  to  the 
fact  that  many  mills  in  the  region  market  lodgepole  pine  with  lumber 
of  other  species  under  the  name  of  the  latter,  and  report  it  as  such. 
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Table  3. — Annual  mi  of  lodgepole  pine/or  lumber,  1909-1911. 


1900 

1910 

1911 

State. 

Annual  out. 

Annual  cut. 

Uusrtmb 
over 

year. 

Annual  out. 

Incraaaa 
over 

prevtoua 
year. 

Wyoming 

Boordfeet, 
11,886,000 
6,730,000 
2,567,000 
1,228,000 
1,322,000 

BoardfeeL 
13,206,000 
9,573,000 

0l»4,O00 
543,000 

Pereeat, 

U.1 

48.7 

17.8 

18.9 

158.9 

BoardfetL 
l$,2HO0O 

was 

779,000 
535;000 

Par  eMi. 

a? 

CoiMadoT. 

67.1 

Montana 

4a7 

Idaho 

114.5 

AU  other  States 

^L5 

Total 

23,733,000 

26,634,000 

12.2 

83,014,000 

24.0 

POSTS  AND  POUSS. 

Large  quantities  of  lodgepole  pine  are  cut  for  fence  posts  and  raik 
for  local  use,  but  at  present  the  species  is  not  generally  employed  for 
telegraph,  telephone,  or  power  line  poles.  Lodgepole  pine,  however,  is 
in  many  respects  an  excellent  pole  timber.  It  is  straight,  with  a  taper 
of  approximately  1  inch  in  8  feet,  about  the  same  as  that  of  west^n 
red  cedar,  and  when  air  dried  is  19  per  cent  stronger  at  the  elastic 
Umit  and  12  per  cent  stronger  imder  maximum  load  than  a  cedar  pole 
of  the  same  circumference  at  the  ground  line.  The  poles  must,  of 
course,  be  given  a  preservative  treatment  if  they  are  to  last  any  length 
of  time.  Poles  treated  with  creosote  by  the  open-tank  process  are 
estimated  to  have  a  life  of  20  years  or  more,  against  5  years  when 
untreated.  Even  treated  lodgepole,  however,  would  be  a  cheaper 
pole  material  than  imtreated  western  red  cedar  in  central  and  eastern 
Montana  and  in  many  portions  of  the  region  between  the  Rocky 
Mountains  and  the  ^Mississippi  River,  owing  to  its  lower  stumpage 
value  and  greater  accessibility.  Table  4  shows  the  cost  of  treated 
lodgepole  pine,  in  contrast  with  that  of  untreated  cedar,  for  a  tele- 
phone hne  near  Butte. 

Table  4. — Comparative  cost  of  treated  lodgepole  pine  and  untreated  western  red  cedar 
telephone  polee  near  Butte  ^  Mont, 


Co6t  per  7-ineh,  26-foot  pole,  f.  o.  b.  Butte. 

Cost  of  treatment 

Cost  of  hauling  and  setting 


Total  costinplaoe 

Life  in  service 

Annual  charge* 

Annual  saving  per  pole  by  using  lodgepole  pine. 


1  Treated  with  4  pounds  of  creosote  per  cubic  foot:  penetration  of  1.20  inches. 

■  Estimated. 

*  Calculated  by  the  formula— 

,_BXl  Op»X.Op 
l.Opn-1 

Where  r-equivalent  annual  charge;  /e-failtia]  expenditure;  .0]>-rate  of  interest;  n-term  of  years. 
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Two  ftt^iB  operate  against  lodgepole  pine  ss  a  substitute  for  cedar 
poles.  The  first  is  its  greater  hardness,  whidi  md^es  climbing  more 
difficult  for  the  lineman;  the  second  is  its  greater  weight — approxi- 
mately 30  per  cent  after  3  months'  seasoning — which  mesas  a  high^ 
freight  rate  for  poles  of  the  slune  size.  Lodgt^ole  pine,  however, 
grows  much  f arUier  east  than  cedar,  and  so  should  really  have  the 
advantage  in  freight  rate  for  a  considerable  distance  into  middle 
western  markets.  Treated  lodgepole  pine  poles,  furthermore,  do  not 
need  to  be  as  large  in  circumference  at  the  ground  as  cedar  poles,  for 
the  latter  must  be  large  enough  in  the  first  place  to  bear  the  load  after 
the  sapwood  and  part  of  the  heartwood  have  decayed.  For  this 
reason  the  shipping  weight  of  treated  lodgepole  pine  poles  should  be 
dose  to  that  of  cedar  when  the  same  strength  is  required. 

From  present  indications  it  seems  likely  that  lodgep<de  pine  will  to 
a  large  extent  replace  cedar  as  a  pole  material  in  many  parts  of  the 
West  within  the  next  few  years. 

PAPER  PULP. 

Lodg^ole  pine  yields  a  groimd-wood  pulp  of  good  quality,  suitable 
for  the  manufacture  of  news-print  paper.  It  can  also  be  made  into 
pulp  by  the  sulphite  process. 

The  National  Forests  contain  many  large  bodies  of  lodgepole  pine 
timber  conveniently  located  with  reference  to  undeveloped  water 
power.  No  doubt  the  manufacturer  of  news-print  paper  will  stick  to 
white  spruce  for  his  raw  material  as  long  as  any  can  be  obtained 
either  in  this  country  or  in  Canada,  but  the  lodgepole  pine  of  the 
National  Forests  offers  an  immediate  opening  to  manufacturers  of 
other  ground-wood  products  who  have  not  an  abundance  of  raw 
material  and  cheap  power  at  their  present  locations.  The  rapid 
growth  of  the  pulp-board  industry  during  the  last  few  years,  for 
example,  has  created  a  demand  for  a  suitable  and  inexpensive  wood 
which  lodgepole  could  well  supply. 

FUEL  AND  CHABCOAL. 

A  considerable  amount  of  lodgepole  pine  is  used  locally  for  fuel. 

At  one  time  large  quantities  were  made  into  charcoal,  but  the  industry 

has  fallen  away  since  the  introduction  of  coke.     From  15,000  to  20,000 

bushels  are  still  produced  annually,  however,  in   the  vicinity  of 

Bemice,  Mont. 

FIBE-KILLED  TIMBER. 

Lodgepole-pine  timber  killed  by  either  fire  or  insects  deteriorates 
very  slowly  as  long  as  it  remains  standing.  Dead  trees  may  stand 
for  20  or  30  years,  and  even  after  falling  to  the  ground  will  not  decay 
quickly  xmless  in  direct  contact  with  the  soil.  Finally,  however,  the 
interior  of  the  stem  gives  way  to  red  rot,  leaving  the  sapwood  as  a 
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hard  shell  on  the  outside.    The  principal  damage  to  standing  dead 

timber  comes  from  checking,  which  impairs  its  value  for  saw  purposes, 

but  not  for  mine  timbers  and  poles.    In  one  stand  of  lodgepole  pine 

on  the  Beartooth  National  Forest,  Mont.,  where  the  timber  was  kiUed 

by  fire  in  1893,  a  sawmill  is  now  at  work  cutting  rough  lumber  for 

local  use. 

SIZE  AND  CONTENTS  OF  VARIOUS  PRODUCTa 

Table  5  gives  the  sizes  of  the  various  lodgepole-pine  products  and  the 
contents  of  the  average  pieces  of  each  class  in  cubic  feet  and  board 
feet.  Material  under  6  inches  in  diameter  has  been  converted  from 
cubic  feet  to  board  feet  by  using  the  factor  4. 

Table  5.— -iStzef  and  oonUnU  of  variouB  products  of  lodgepole  pine. 


Product. 


Fuel 

Tfe8(poteties) 

Telepnoiie  poles 

Dernck  pofes. 

Converter  poles 

Fttioe  poles 

Fttioe  posts,  round 

Fttice  stays 

Do.... 

Lagging,  round 

Mine  props 

Round  material,  cubic  feet,  average  log 

Do 

Do 

Round  material,  linear  feet 

Do 

Do 

Do 


Dimensions. 


4'x4'x8' 

T'  to  8",  8"  to  10"  tooe,8'  long*. . 

6"to6"x22"« 

^'xac 

3"to4"x24' 

2J"xie' 

6^'to6"x7' 

2"x6' - 

4"x6' 

2*"xl6' 

6''xl4' 

6"  to  16' 

8"  to  16' 

16"  to  16' 

6"xr 

8"xl' 

10"xl' 

12"xl' 


Cubic 

feet 

equiv- 

afeot.i 


82.42 
6 

15 

8 

1 

L4 
.21 
.67 

1 

2.7 

i.8 

7.1 
2S.2 


.545 
.786 


Boanl 

fset 
eqniv- 
alant. 


330 

30 

24 

00 

12 

4 

6 

.( 

2 

4 

11 

20 

80 

100 


2.5 
3.5 


Number 
ofpieoes 
per  1,000 

board 

iset. 


3 
33 

43 

17 

83 

250 

167 

9S0 
91 
60 


t  Cubic  foot  equivalent  is  taken  from  Table  I.  Graves's  Forest  Mensuration,  p.  107. 

*  These  are  Union  Pacific  specifications,  but  uhbv  are  not  always  rigidly  enforced.    Ties  fulflUing  a 
fioations  would  scale  about  37  board  feet  ^ch.    Actual  scale  of  ties  in  several  places  shows  avera»  contents 
to  vary  from  22.5  to  37  board  feet.    An  average  of  30  board  feet  per  tie  for  the  region  is  reasonable. 

•  This  size  used  locally  by  ranchers. 
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Idaho: 

1.  Boise. 

2.  Pend  Oreille, 

3.  Coeurd'Alene. 

4.  Clearwater. 

6.  Nerperce. 
G.  Idaho. 

7.  Wieser. 

8.  Payette. 

9.  Kaiiiksu. 

10.  Minidoka. 

11.  Pocatelk). 

12.  Cache. 

13.  Caribou. 

14.  Palisade. 

15.  Salmon. 

16.  Lemhi. 

17.  Challis. 

18.  Sawtooth. 

19.  St.  Joe. 

20.  Selway. 

21.  Targhee. 
Montana: 

1.  Kootenai. 

2.  Sioux. 

3.  Lewis  and  Clark. 

4.  Flathead. 

5.  Cabinet. 

6.  Lolo. 

7.  Bitterroot. 

8.  Missoula. 

9.  Deerlodge. 

10.  Beaverhead. 

11.  Madison. 

12.  Gallatin. 

13.  Helena. 

14.  Jefferson. 

15.  Absaroka. 
IG.  Beartooth. 

17.  Custer. 

18.  Blackfeet. 
Arilansas: 

1.  Ozark. 

2.  Arkansas. 
Kansas: 

1.  Kansas. 
Wtomino: 

1.  Sundance. 

2.  Shoshone. 

3.  Bridger. 

4.  Teton. 

6.  Wyoming. 

7.  Bighorn. 

8.  Medicine  Bow. 

9.  Hayden. 

10.  Bonneville. 

11.  Washakie. 
14.  Palisade. 
21.  Targhee. 

Arizona: 

1.  Dixie. 

2.  Kaibab. 

3.  Coconino. 

4.  Sitgreaves. 
6.  Apache. 

6.  Crook. 

7.  Ton  to. 

8.  Chirlcahua. 

9.  Coronado. 

10.  Tusayan. 

11.  Prescott. 

12.  Zuni. 
Utah: 

1.  La  Sal. 

2.  Ashley. 

3.  I'inta. 

4.  Wasatch. 
6.  Nebo. 

6.  Manti. 

7.  Fishlake. 

8.  Powell. 

9.  Sevier. 

10.  Filhnore. 

11.  Dixie. 

12.  Cache. 

13.  Minidoka. 
Nevada: 

1.  Humboldt. 

2.  Toiyabe. 

3.  Nevada. 

4.  Moapa. 

5.  Santa  Rosa. 


South  Dakota: 

1.  Black  HilLi. 

2.  Sioux. 

3.  Harney. 
Minnesota: 

1.  Superior. 

2.  Minnesota. 
Nebraska: 

1.  Nebraska. 
Colorado: 

1.  La  Sal. 

2.  Colorado. 

3.  Arapaho. 

4.  White  River. 
6.  Holy  Cross. 

6.  Leadville. 

7.  San  Isabel. 

8.  Rk>  Grande. 

0.  San  Juan. 

10.  Montezuma.' 

11.  Uncompahgre. 

12.  Gimnison. 

13.  Sopris. 

14.  Battlement. 

15.  Routt. 

16.  Pike. 

17.  Cochetopa. 

18.  Durango. 
New  Mexico: 

1.  Jemez. 

2.  Zuni. 

3.  Carson. 

4.  Pecos. 

5.  Manzano. 

6.  Lhicoln. 

7.  Alamo. 

8.  Chirlcahua. 

9.  Datil. 
10.  Gila. 

California: 

1.  Klamath. 

2.  Trinity. 

3.  California. 

4.  Shasta. 

5.  Modoc. 

6.  Lassen. 

7.  Plumas. 

8.  Tahoe. 

9.  Stanislaus. 

10.  Mono. 

11.  Sierra. 

12.  Inyo. 

13.  Sequoia. 

14.  Monterey. 

15.  Kern. 

16.  Santa  Barbara. 

17.  Angeles. 

18.  Cleveland. 

19.  Eldorado. 
North  D.vkota: 

1.  Dakota. 
Oklahoma: 

1.  Wichita. 
Oregon: 

1.  Oregon. 

2.  Cascade. 

3.  Umpqua. 

4.  Crater. 

6.  Fremont. 

6.  Siusla\». 

7.  Siskiyou. 

8.  Umatilla. 

9.  Wallowa. 

10.  Whitman. 

11.  Weuaha. 

12.  Malheur. 

13.  Deschutes. 

14.  Minam. 

15.  Ochoco. 

16.  Paulina. 

17.  Santiam. 
Washington: 

1.  Olympic. 

2.  Washmgton. 

3.  Chelan. 

4.  WenaUhee. 

5.  Snoqualmie. 

6.  Rainier. 

7.  Columbia. 

8.  ColviUe. 

9.  Kaniksu. 

10.  Okanogan. 

11.  Wo    ' 
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Fig.  1.— Chute  down  which  Lodgepole-Pine  Stulls  and 
Other  Material  are  Brought  to  Reservoir  in  Fore- 
ground, Deerlodqe  National  Forest. 


Fig.  2.— Flume  for  Transporting  Lodgepole-Pine  Ties,  Props,  and  Slabbed 
Logs,  Bighorn  National  Forest. 


Digiti 


zed  by  Google 


UTILIZATION  AND  MANAGEMENT  OF   LODGEPOLB  PINE. 


9 


Table  6  shows  the  contents  in  cubic  feet  and  board  feet  of  stulls  of 
various  sizes. 

Tablb  6. — Contents  ofstuUs  ofvariouB  sizes,  Deerlodge  NatUmal  Forest,  Mont, 


SiSB. 

Vtreigfat 

Num- 
ber Of 
pieces 

Nam- 
berof 
board 

(fcl^ 

diam- 

Contents.     | 

tboa- 

fBet 

cent 
moist 

Length. 

eter 
inside 

sand 
board 

per 
cubic 
foot. 

33,1  lbs. 
per 

of  bark. 

iBOt, 

cubic 

lbot).« 

I^ 

HdUi, 

Cu,ft, 

Bd,fti 

Pounds. 

14 

6 

17 

6 

200 

1.8 

80 

6 

16 

10 

100 

2.8 

110 

7 

4.5 

20 

50 

4.4 

140 

8 

6.0 

20 

50 

3.3 

100 

0 

7.6 

80 

83 

4.0 

252 

10 

0.4 

40 

26 

4.3 

311 

11 

11.4 

50 

20 

4.4 

377 

12 

18.4 

70 

14 

6.2 

444 

13 

16.6 

80 

12 

5.1 

516 

\i 

17.0 

100 

10 

5.6 

502 

is 

aa3 

120 

8 

5.0 

665 

16 

22.8 

140 

7 

6.1 

755 

17 

25.7 

160 

6 

6.2 

851 

18 

28.6 

100 

5 

6.6 

046 

16 

6 

4.4 

20 

50 

4.5 

145 

7 

6.8 

80 

33 

6.2 

102 

8 

7.4 

30 

33 

4.1 

245 

0 

0.2 

40 

25 

4.3 

304 

10 

11.3 

60 

17 

5.3 

374 

11 

13.5 

70 

14 

5.2 

447 

13 

15.0 

80 

12 

5.0 

526 

13 

1&3 

100 

10 

,    6.5 

606 

14 

2ao 

110 

0 

5.5 

602 

16 

23.6 

140 

7 

6.0 

781 

16 

26.6 

160 

6 

6.0 

880 

17 

20.0 

180 

6 

6.0 

000 

18 

33.6 

210 

5 

6.3 

1,112 

i  off  toeifm  tens  br  the  Scribner  Decimal  C  rule. 

siUs  teoakalated  for  a  uniform  moisture  content  of  20  per  cent,  with  a  weight  of  33.1  pounds  per  cubic 
looC  As  a  matter  of  tect,  the  moisture  content  at  the  time  of  shipment  varies  considerably— from  15  per 
ent  to  60  per  cent. 

ANNUAL  CUT. 

The  annual  cut  of  lodgepole  pine  by  States,  as  nearly  as  it  can  be 
determined,  is  shown  in  Table  7.  This  table  indicates  a  considerably 
smaller  cut  of  saw  timber  than  Table  3,  due  to  the  fact  that  some 
mills  which  formerly  sawed  lodgepole  pine  have  shut  down,  and  to  the 
farther  fact  that  some  of  the  material  included  in  Table  3  as  saw 
timber  appears  in  Table  7  as  ties  and  mine  timbers. 


Digiti 


zed  by  Google 


10 


BULLETIN  234,  V.  S.  DBPABTMBNT  OF  AGBIOULTURE. 


Table  7  .—Approximate  total  cut  of  lodgepole  pine  by  Stalufor  year  ending  June  SO, 

191$. 


[The  flgurw  indude  the  out  from  private  as  weQ  ai 

1  from  Natlooal  Fonst  lands.] 

State. 

Total 
CQtof 

pine. 

bers' 

Saw 
timber. 

Cord- 
vwd. 

Ran. 
road 
ties. 

Ferny 

2S: 

e«Ila- 
neoos. 

Mfmtana 

tMO 

bd.ft. 

30,497 

15,680 

li,523 

10,753 

«,880 

1,016 

1T68 

S36 

14,632 
4,737 
3,236 
1055 
167 
43 

5,881 

m 

887 

108 

4,483 

1,622 

6842 

494 

222 

125 
607 
58 

'•SI 

1S2 

IjOOO 
bi.fL 
315 

Colorado 

67 

Wvomins 

76 

utohv.v.....::....;:....: 

Mftho 

973 

41 

W^iin^ton 

1 

OftlUfflmTa 

66 

30 

Total 

82,  WO 

24,776 

10,563 

15,651 

13,771 

6.992 

1,506 

Total  cat  from  private  lands 

""■Si 

3,804 

is.  4 

4,815 
24.6 

304 
1.9 

•»IR 

115 
1.6 

% 

Per  cent  from  pHvat*  lands 

1.7 

METHODS  OF  LUMBEBING. 

Lodgepole-pine  standB  are  logged  with  horses,  steam  logging  bemg 
impracticable  because  of  the  small  size  of  the  timber  and  the  small 
stand  per  acre.  The  ordinary  limibering  operation  may  be  divided 
into  four  parts:  (1)  Felling  the  trees  and  cutting  them  into  logs,  ties, 
mine  timbers,  and  other  products;  (2)  skidding  the  material  to  haul- 
ing roads  and  hauling  on  wagons  or  sleds  to  a  flume,  river,  chute,  or 
railroad,  and,  in  some  cases,  direct  to  the  mill;  (3)  fluming,  driving, 
or  railroading  the  material  to  the  mill  or  market;  and  (4)  milling. 
Cutting  and  skidding  are  done  mainly  in  the  summer  and  fall  and 
driving  and  fluming  in  the  spring.  Railroad  hauling  may  of  couise 
be  carried  on  at  any  season.  The  exact  methods  adopted  for  eadi 
part  of  the  lumbering  operation  differ  with  local  conditions  and  the 
class  of  material  handled. 

FELLING  AND  CUTTING. 

Saw  logs  are  cut  in  the  usual  manner  by  a  two-man  crew  that  fefls 
the  tree,  trims  the  branches,  and  cuts  the  stem  into  log  lengths.  In 
average  timber  such  a  crew  will  cut  from  4,500  to  5,000  board  £eet> 
log  scale,  per  day. 

Tie  trees — that  is,  trees  from  11  to  15  inches  in  diameter,  breast- 
high — are  felled  and  hewed  into  ties  by  one  man,  who  uses  a  single 
crosscut  saw  for  felling  and  a  broadax  for  hewing.  The  trees  are 
marked  into  8-foot  lengths  and  hewed  along  two  parallel  faces  to  tiie 
proper  dimensions.  The  bark  is  then  peeled  from  the  upper  side,  and 
the  portion  of  the  tree  suitable  for  ties  is  cut  up  into  the  proper  lengths. 
If  the  tree  is  a  large  one  the  tie  cutter  ordinarily  cuts  one  saw  log 
from  the  butt,  while  the  top  portion  is  left  in  the  round  and  utilized 
for  mine  timbers.     On  the  basis  of  figures  for  15  trees,  averaging  12.1 
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inches  in  diameter,  with  three  ties  to  a  tree,  a  tie  maker  produces, 
about  21.5  ties  in  8  hours'  work  with  a  distribution  of  time  per  tie 
as  follows: 


NUng 

Seorlng 

HeviBf 

P«eUiig  (top  side)' 

flwrlnj 

PteUng  (ondflnlde).. . . 


Timepor 
tie. 


l.« 
1.1 
S.4 

4.2 
1.2 
2.6 
2.2 


P«eent 
eftotiL 


7.2 

4.9 
1A.2 
18.8 

6.4 
11.7 

2.8 


Tim«  lost  between  trees. 

ShanMOiiuf  tools 

Strto  roadDuIldixig 

ParUogtlis 

Totia 


Timepcr 
tie. 


JIlMttes. 

1.2 
L2 
1.0 
2.6 


22.8 


Percent 
oftotaL 


8.4 
6.4 
4.6 
1L7 


100 


Often  he  cuts  the  saw-log  trees,  or  at  least  the  smaller  ones,  as 
well  as  the  tie  trees.  In  tie  operations  it  is  the  usual  practice  to  lay 
out  the  timber  in  parallel  strips  from  100  to  150  feet  wide,  each  of 
which  is  assigned  to  a  tie  cutter.  A  road  is  then  cut  through  the 
middle  of  each  strip  or,  if  the  topography  does  not  permit  this, 
between  every  two  strips.  The  choppers  usually  dispose  of  the  brush, 
although  this  may  be  done  by  a  separate  crew. 

In  a  typical  tie  operation  on  the  Uinta  National  Forest,  in  Utah, 
the  specifications  provided  for  ties  8  feet  long,  from  7  to  8  inches 
thick,  with  from  8  to  10  inches  face.  Seven-inch  faces  were  allowed 
in  not  to  exceed  20  per  cent  of  the  first-class  ties.  Cull  ties  were 
required  to  have  a  minimum  face  of  6  inches,  but  had  to  meet  the 
other  specifications  as  to  length  and  thickness.  The  stand  in  which 
the  cutting  was  done  averaged  slightly  less  than  12,000  board  feet 
per  acre,  with  72  per  cent  suitable  for  hewed  ties,  18.5  per  cent  for 
saw  logs,  and  9.5  per  cent  for  mine  timbers.  From^l26  to  460  ties, 
or  an  average  of  228,  were  secured  per  acre.  The  *'tie  hacks''  were 
required  to  construct  the  roads  through  the  middle  of  the  100-foot 
strips  and  also  to  park  the  ties  along  these  roa^,  but  were  not  required 
to  dispose  of  the  brush.  They  were  paid  14  cents  for  first-class  and  7 
cents  for  cuU  ties,  but  were  not  paid  for  rejects.  At  the  final  inspec- 
tion the  product  of  the  cutting  was  shown  to  be  97  per  cent  first-class 
ties,  2.5  per  cent  cuUs,  and  0.5  per  cent  rejects.  Thus  the  average 
price  paid  to  the  cutters  per  tie  amoimted  to  13.7  cents.  The'  cutters 
received  $1.50  per  thousand  board  feet  for  saw  logs  over  13  inches  in 
diameter,  though  ordinarily  the  portion  of  ihe  tree  over  13  inches 
was  made  into  ties  like  the  rest.  The  ties,  which  were  unusually 
large,  showed  an  average  scale  of  37  board  feet  each,  or  27  pieces  to 
the  thousand  board  feet.  At  a  treating  plant  at  Laramie,  Wyo.,  150 
ties  gave  an  average  scale  of  28.2  board  feet  each,  or  35.5  pieces  per 
thousand  board  feet.  Some  2,000  ties  scaled  on  the  Bighorn  National 
Forest,  in  Wyoming,  averaged  26  board  feet  per  tie,  and  an  equal 
number  on  the  Arapahoe  Forest,  C!olo.,  averaged  22.5  board  feet. 
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Where  the  cutting  is  mainly  for  mine  timbers,  as  is  the  case  in 
most  parts  of  Montana,  the  various  classes  of  material  are  produced 
in  the  woods  by  small  groups  of  choppers  at  contract  prices.  Each 
group,  usually  called  a  *' company,''  consists  of  from  2  to  5  men,  and 
is  assigned  to  a  definite  area  of  from  5  to  15  acres.  The  men  of  each 
group  fell  the  trees,  saw  them  into  proper  lengths,  peel  the  bark 
from  the  stuUs,  and  dispose  of  the  brush.  In  Forest  Service  timber 
sales  the  latter  must  be  burned.  During  the  safe  months  of  the  year, 
from  October  1  to  Jime  1,  the  men  burn  the  brush  as  the  cutting 
proceeds,  but  in  summer  they  pile  it  for  burning  in  the  fall.  Stumps 
are  cut  low,  usually  from  4  to  12  inches  high.  In  winter,  holes  from 
4  to  6  feet  deep  often  have  to  be  shoveled  out  to  reach  the  proper 
point  for  cutting  the  trees.  Although  it  is  diJ0S.cult  to  work  imder  such 
conditions,  particularly  since  the  days  are  short  and  are  likely  to  be 
stormy,  work  usually  goes  on  throughout  the  year.  Based  on  data 
obtained  in  connection  with  a  sale  at  French  Gulch,  on  the  Deerlodge 
National  Forest,  the  cost  per  thousand  board  feet  of  producing  stuUs 
amounts  to  $4.56.  This  includes  shoveling  snow,  felling  and  trim- 
ming the  trees,  disposing  of  the  brush,  cutting  the  timber  into  stuU 
lengths,  and  peeling.  Fifteen  per  cent  of  the  total  cost  is  chargeable 
to  snow  disposal,  while  the  largest  single  item  is  peeling,  which  costs 
$1.55  per  thousand  board  feet,  or  34  per  cent  of  the  total.  The  com- 
plete distribution  of  time  in  stull  making  at  French  Gulch,  Mont., 
was  as  follows: 


Operation. 


TimesDent 

in  proauc- 

ing  1,000 

board  feet. 


Cost  per 
1,000  feet 


Per  cent 

of  total 

cost. 


Shoveling  snow 

Felling  trees 

Trimming  trees 

Brush  disposal,  piling  and  burning 

Cutting  into  stull  lengths 

Peeling 

Total 


Jiimuet. 
72 
60 
20 
77 
100 
165 


484 


taes 

.48 
.19 
.73 
.98 
1.65 


4.66 


15 
10 
4 

16 
21 
34 


100 


SKmDING   AND  HAUUNG. 


After  the  trees  have  been  felled  and  cut  into  the  proper  lengths, 
the  logs,  ties,  mine  timbers,  and  other  products  are  skidded  with 
teams  or  single  horses  into  skidways  along  the  hauling  roads  or  other 
line  of  transportation.  Whatever  brush  cutting  or  removal  of  down 
timber  is  necessary  to  open  the  way  for  skidding  it  is  done  either  by 
swampers  or  by  the  skidders  themselves.  Where  logging  is  easy  and 
the  distance  short,  tie  cutters  often  skid  their  own  ties  on  a  light 
hand-sled  over  the  snow,  hauling  about  10  ties  to  the  load.  Ties  cut 
from  trees  near  a  stream  which  is  to  be  driven  or  a  main  logging 
road  are  nearly  always  *' hand-banked''  in  this  manner.    In  Forest 
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Service  timber  sales  the  different  classes  of  material  are  often  scaled 
or  comited  by  forest  officers  before  being  skidded.  This  scale  is 
accepted  by  purchasers  as  a  basis  of  settlement  with  the  choppers. 

In  neariy  all  operations  most  of  the  hauling  from  the  skidway  to 
the  flume,  river,  or  railroad  is  done  with  sleighs  on  snow  roads.  The 
use  of  sleighs,  which  is  possible  from  four  to  six  months  in  the  year, 
b  by  far  the  most  economical  and  efficient  method  of  hauling.  Some- 
times, however,  where  the  haul  is  short  and  good  roads  are  easily 
made,  the  material  is  carried  oh  heavy  trucks  over  the  bare  ground. 
This  latter  method  is  most  common  in  small  operations  where  a  con- 
stant supply  of  logs  and  ties  is  required.  ' 

Chutes  are  sometimes  used  to  get  the  products  down  steep  grades 
to  the  main  line  of  transportation. 

TRAN8POBTATION  TO  MILL. 

In  the  smaller  logging  operations  ties  and  mine  timbers  are  usually 
hauled  direct  from  the  skidway  to  the  railroad,  shipping  point,  or 
market;  the  logs  direct  to  the  mill.  In  large  operations,  however, 
where  the  timber  must  be  transported  for  from  20  to  100  miles  or 
more,  the  method  of  transportation  will  depend  upon  the  character 
of  the  area  which  is  being  logged.  Ordinarily,  the  mountainous 
nature  of  the  lodgepole  r^on  and  the  character  of  the  timber  pre- 
vent the  use  of  logging  railroads.  Where  the  timber  must  be  trans- 
ported over  a  long  distance  it  is  a  common  practice  to  float  it  down 
some  stream.  Ties  can  be  driven  in  streams  which  are  too  small  to 
carry  saw  logs,  which  gives  tie  logging  a  decided  advantage.  Many 
small  creeks  have  been  made  driveable  for  ties  during  the  spring 
high  water  with  only  a  little  work  in  clearing  the  channel.  In  the 
larger  streams  of  Wyoming  and  Colorado  all  classes  of  material  have 
been  driven  for  distances  of  100  miles  or  more. 

For  shorter  distances  flumes  have  occasionally  been  used  to  good 
advantage,  and  in  the  future  will  imdoubtedly  play  a  more  impor- 
tant part  in  the  transportation  of  lodgepole  pine.  All  the  material 
from  the  French  Gulch  timber  sale  on  the  Deerlodge  National  Forest 
is  removed  by  a  flume  about  18  miles  long  crossing  the  Continental 
Divide.  The  timber  from  above  is  haided  on  sleds  or  trucks  or  is 
chuted  down  to  the  flume,  where  it  is  banked  for  fluming  during  the 
open  season,  which  usually  lasts  from  about  May  1  to  November  1. 
Tlie  timber  from  below  is  first  banked  along  a  tramway,  up  which  the 
loaded  cars  are  later  hauled  by  a  cable,  operated  by  a  stationary 
engme,  to  the  banking  grounds  above  the  fliune.  A  large  proportion 
of  this  timber  is  delivered  at  the  foot  of  the  tram  by  means  of  second- 
ary flumes  located  considerably  below  the  main  flume.  The  latter  is 
V-shaped,  with  24-inch  sides.  About  100,000  board  feet  of  lumber 
per  mile  were  used  in  its  construction,  and  the  original  cost  per  mile 
was  approximately  $4,000.    It  has  one  tunnel  685  feet  long,  29  tres- 
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ties  over  25  feet  high,  the  highest  being  72  feet  and  the  longest 
775  feet,  and  20  rock  cuts  from  8  to  20  feet  deep.  The  minimum 
grade  is  one-half  of  1  per  cent  and  the  maximum  12  J  per  cent.  The 
sharpest  curve  is  20**.  The  flume  carries  from  200  to  800  inches  of 
water,  the  supply  of  which  is  maintained  by  frequent  feeders  from 
small  streams  along  its  length.  It  can  handle  stulls  up  to  18  inches 
in  diameter  and  poles  up  to  30  feet  long,  and  has  a  capacity  of  about 
1,800  stulls,  2,200  converter  poles,  6,000  lagging  poles,  or  170  cords 
of  wood  in  10  hours.  It  is  operated  on  the  average  for  about  170 
days  each  year.  Operation  costs,  including  rolling  in,  tending,  and 
loading  the  material  on  cars  at  the  dump,  amoimt  to  $90  a  day,  to 
which  must  be  added  $70  a  day  for  depreciation  and  maintenance. 
The  secondary  flumes  have  18-inch  sides,  and  the  largest  stuU  han- 
dled is  15  inches  in  diameter.  They  are  more  lightly  built  than  the 
main  flume,  with  about  33,000  board  feet  of  lumber  per  mile,  and 
cost  about  $1,500  per  mile. 

A  similar  V-shaped  flume,  25  miles  long,  has  been  used  for  the  last 
7  years  on  the  Bighorn  National  Forest  for  transporting  ties,  props, 
and  logs  from  the  woods  to  the  mill  and  railroad.  The  larger  logs 
are  slabbed  in  a  small  sawmill  at  the  head  of  the  flume  before  being 
sent  down. 

MILLING. 

Sawmill  equipment  used  in  lodgcpole-pine  operations  does  not  differ 
from  the  usual  type  employed  in  the  Rocky  Moimtains.  Most  of  the 
lumber  is  cut  by  small  mills,  with  a  daily  capacity  of  from  10,000  to 
20,000  board  feet,  equipped  with  a  single  circidar  head  saw,  edger, 
trimmer,  and  sometimes  a  planer.  In  the  few  larger  mills  which  cut 
lodgepolo  pine,  band  re-saws  are  used  in  conjimction  with  a  circular 
head  saw,  and  in  addition,  there  is  the  usual  equipment  for  making 
lath,  flooring,  siding,  and  other  classes  of  finished  Imnber.  In  nearly 
all  operations  some  sawed  ties  are  turned  out  by  the  mill  in  addition 
to  the  hewed  ties  made  in  the  woods. 

COSTS  AND  SELLING  PRICES. 

The  cost  of  producing  lodgepole-pine  lumber,  ties,  and  props  varies 
widely  with  topography,  the  character  of  the  stand,  and  the  size  and 
efliciency  of  the  operation.  An  idea  of  the  probable  expense  incident 
to  a  lodgepole-pine  operation  can  be  best  obtained  from  a  statement 
of  the  average  range  of  cost  imder  various  conditions,  together  with 
definite  figures  for  a  few  specific  operations.  The  range  of  cost  for 
lumber,  ties,  and  props  in  Wyoming  and  Colorado,  xmder  ordinary 
logging  conditions  and  distances  to  market,  is  shown  in  Table  8. 
The  cost  of  stumpage  and  such  overhead  charges  as  depreciation, 
taxes,  Lnsiu^ance,  and  selling  are  not  included,  since  these  must  be 
calculated  for  each  individual  case. 
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Tabu  8. — Rangt  m  cost  of  production  of  lodffepole-piiu  sdw  timber ^  railroad  ties,  and 
mvne  props  tn  Wyoming  and  Colorado. 


Operation. 


Saw  timber 
(logtoale). 


lUUroadtlM 

(standard 

gang©). 


Mine  props 
(aU  lengths). 


FdHogfOuniag.  and  trimming 

Broth  pOing  or  lopping 

SUdd&ig 

HatiUng  to  noma, river, railroad,  or  main  road  > 

"*     '  gydriTing,  railroading,  or  hauling  on  main  road. 


Hdliiig,  pffing,  and  deliverlne  at  market . 
Loading  om  cars  at  market  point. 


Perthtrntoni 

hoard/eel. 

$I.00-|L5O 

.2&-   .50 

.75-2.00 

1.00-2.50 

1.00-3.00 

4.00-7.00 


PertU. 

iai2-iai6 

.01-  .03 

.01-  .04 

.03-  .09 

.0&-  .10 


Per  linear  foot. 

Ia0020-«10050 
.0005-  .0010 
.0006-  .0015 
.0010-  .0020 
.0010-    .0080 


.03-    .03 


.0010-    .0020 


Total  cost  at  market  > . 


&00-M.50 


.31-   .44 


.0060-    .0196 


1  Includes  building  winter  roads.  <  Without  stumpctge  or  overhead  charges. 

The  figures  which  follow  show  the  cost  of  an  operation  on  private 
lands  adjacent  to  the  Arapaho  National  Forest,  in  Colorado,  where 
600,000  feet  of  logs  were  cut  into  rough  boards  and  dimension 
material.  Although  in  the  actual  operation  no  disposal  was  made  of 
brush  or  d6bris,  an  item  of  50  cents  per  thousand  board  feet  has  been 
iaduded  to  make  the  cost  comparable  to  similar  operations  on  the 
National  Forests,  where  brush  piling  is  required.  The  stumpage  price 
has  been  arbitrarily  placed  at  $2  per  thousand  board  feet. 

Per  thousand 
board  feet. 

FeDing  tnd  bucking  into  logs  (cutting  crew  of  2  men,  who  also  tiim  trees)  —  II.  21 

PQing  bnub  (done  by  separate  crew  of  1  or  2  men) 50 

Skidding  (skidd^s  do  necessary  swamping;  maximum  skid  600  feet;  average 

250  feet) 77 

fiUmling  logs  to  mill  (haul  on  sleds;  average  distance  1}  miles) 84 

Roid  building  (roads  for  winter  hauling  only) 13 

Gonrtruction  of  logging  camp 13 

Bhekamithing  and  repairing 11 

SHpervision  and  accounting  (includes  wages  of  wobds  foreman) 30 

Decking  at  mm 18 

Depreciation  of  equipment  (covers  logging  equipment  only) 02 

Sawing  (includes  depreciation,  taxes,  and  other  chaiges  on  sawmill) 2.  25 

Yarding  lumber  at  mill 35 

Hauling  lumber  to  railroad  (sled  haul  4  miles  to  railroad) 1. 00 

Loading  on  cars 50 

Freight  to  market 2.75 

Stumpage 2.  00 

Total  cost  at  market 13.  04 

SeOiDg  price,  mill  run  at  market 15.  00 

Net  profit  (15  per  cent  on  the  operating  cost)  per  thousand  board  feet. . .     1.  96 

The  following  appraisal  of  conversion  costs  and  stumpage  prices 
for  a  block  of  pure  lodgepole  pine  on  one  of  the  National  Forests  in 
Wyoming  may  be  taken  as  typical  of  the  larger  operations.  This 
sale  would  involve  the  cutting  within  a  period  of  5  years  of.  approxi- 
mately 45,000,000  board  feet,  of  which  about  33,000,000  feet  is  suit- 
able for  ties  and  the  remainder  for  saw  timber. 
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Estimated  conversion  costs  and  stumpage  value  of  tie  timber. 


Depreciation  on  improvements  and  eqoipment 

Main  tenance  of  improvements  and  equipment 

Overhead  expenses  (ofBoe,  supervision,  sales,  insurance,  etc). 
Current  operating  escpenses: 

Mft-ifing  (fellmff,  Duoking,  hewtog) 

Brush  disposal  and  cutiing  defective  timber 

Hauling  and  banking 

Driving  and  booming 

Loading 

Total  cost  of  production. 

Average  cost  (90  per  cent  first  class;  10  per  cent  second  class), 

Average  price  received,  f.  o.  b.  cars ^ 

Diflerence  for  profit  and  stumpage 

Stumpage  value,  allowtog  20  per  cent  profit 


Conversion  costs  and  stumpage  value  of  saw  timber. 

Pert 
-  bo^ 

Logging:  toga 

DeprcNciation  on  improvements  and  equipment |0. 51 

Maintenance  of  improvements  and  equipment 35 

Overhead  expenses  (supervision,  office,  scaling,  etc.) 40 

Current  operating  expenses — 

Felling  and  bucking $L  00 

Swamping  and  skidding 1 10 

Brush  disposal  and  defective  timber 75 

Temporary  roads. 35 

Hauling  and  banking L  45 

Driving  and  booming L  12 

5.77 

Total  cost  of  logs  at  miU 7. 03 

Per  tbonwid  bowd  IM. 
.,.„.  J         ,    ^  Lumber  hog 

Milling  and  marketing:  tally.  aetfa.^ 

Depreciation  on  improvements  and  equipment 10.58  10.70 

Maintenance  of  improvements  and  equipment 23  .28 

Overhead  expenses  (sales,  insurance,  supervision,  office,  etc.).     .54  .65 

Current  operating  expenses— 

Milling 2.18  2.82 

Yarding 54  .65 

Planing  and  finishing 83  LOO 

Grading  and  loading 55  .66 

Total  milling  and  marketing 5.45  6^56 


1  The  amount  of  lumber  actually  sawed  out  at  the  mill  is  estimated  to  overrun  that  diown  by  thalog 
scale  by  30  per  cent.  Ck)nsequently  the  figures  In  this  column  are  obtained  by  IwTWMTtng  by  Si  per  msA  Iha 
costs  per  1,000  board  feet  as  shown  by  the  lumber  tally. 
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Per  thousand 
f.  board  feet 

Summary:  log  scale. 

Logging $7.03 

MOling  and  marketing 6.  56 

Total  cost,  on  care 13.  59 

Avenge  sale  price  per  thonoand  board  feet,  inillmn 15.  80 

Avenge  sale  price  per  1,200  feet  mill  nin  ^ 18.  96 

Difference  for  profit  and  stumpage 6. 37 

Stompage  value,  allowing  25  per  cent  profit 1. 58 

Table  9  gives  in  detail  for  a  representative  part  of  the  French  Gulch 
timber  sale  on  the  Deerlodge  National  Forest,  Mont.,  the  cost  of 
production  of  various-sized  stulb,  converter  poles,  lagging  poles,  and 
cordwood.  Table  10  shows  the  market  price  received  for  the  various 
products,  tc^ether  with  the  net  profit  per  piece  or  per  cord.  The 
figures  per  thousand  board  feet  run  high  for  the  smaller  pieces  because 
of  their  extremely  low  board-foot  contents. 

Tablb  9. — Itemized  coat  of  production  of  lodgepole-pine  stulUy  converter  poles,  lagging 
poles,  and  cordwood;  trench  Gulch  timber  sale,  Deerlodge  National  Forest,  iiont. 


Size. 

Cut- 

Flum- 

Freight 

Over- 
head 
charges, 
inter- 
est, 
etc.* 

Total 
cost 

Stump- 
prfee. 

Ing^d 
brush 
dis- 
posal.' 

Skid- 
yards.* 

Haul- 

ImSe 

to 
flume.« 

15m!le6 

and 

loading 

on 

cars. 

to 
market 

at 
Scents 

l(£lb8. 

Product. 

Length. 

Top 
diam- 
eter. 

of 

auc- 
tion. 

Feet. 

/nd^. 

fMnllt 

14 

5 
6 

sao2 

.04 

$a06 
.06 

sao5 

.05 

ia06 
.06 

$a05 
.05 

*  id.  63" 

saoi 

.01 

10.25 

.32 

7 

.06 

.06 

.05 

.06 

.06 

.04 

.08 

.40 

8 

.06 

.16 

.05 

.10 

.07 

.06 

.03 

.56 

9 

.12 

.16 

.05 

.10 

.06 

.07 

.05 

.68 

10 

.16 

.16 

.05 

.10 

.09 

.09 

.06 

.71 

11 

.20 

.16 

.05 

.10 

.10 

.11 

.07 

.79 

12 

.28 

.16 

.05 

.10 

.11 

.13 

.10 

.93 

13 

.32 

.16 

.05 

.10 

.12 

.15 

.12 

1.02 

14 

.40 

.16 

.05 

.10 

.13 

.17 

.15 

1.16 

15 

.43 

.16 

.05 

.10 

.14 

.20 

.19 

1.32 

16 

.56 

.16 

.05 

.10 

.15 

.22 

.21 

1.45 

17 

.64 

.16 

.06 

.10 

.16 

.25 

.25 

1.61 

18 

.76 

.16 

.05 

.10 

.17 

.28 

.30 

1.82 

16 

6 

.08 

.09 

.05 

.06 

.06 

.04 

.03 

.41 

7 

.12 

.10 

.05 

.06 

.07 

.06 

.06 

.51 

8 

.12 

.18 

.05 

.10 

.08 

.07 

.05 

.65 

9 

.16 

.18 

.05 

.10 

.09 

.09 

.06 

.73 

10 

.24 

.18 

.05 

.10 

.10 

.11 

.08 

.86 

11 

.28 

.18 

.05 

.10 

.11 

.13 

.10 

.95 

12 

.32 

.18 

.05 

.10 

.12 

.16 

.12 

1.06 

13 

.40 

.18 

.05 

.10 

.13 

.18 

.15 

1.19 

14 

.44 

.18 

.05 

.10 

.14 

.20 

.17 

1.28 

15 

.56 

.18 

.05 

.10 

.15 

.24 

.21 

1.49 

16 

.64 

.18 

.05 

.10 

.16 

.26 

.25 

1.64 

17 

.72 

.18 

.05 

.10 

.17 

.30 

.30 

1.82 

18 

.84 

.18 

.05 

.10 

.18 

.33 

.30 

1.98 

ronvflf  tw  noim . . .  -  -  r  -  t  - 

24 
16 

<6 

.10 
.03 
.50 

.035 
.0175 
1.26 

.05 
.01 

.06 
.015 
.75 

.08 
.02 
.85 

.03 
.01 
.90 

.03 

.012 

.60 

.385 

I^JJ^JjTl^gjJ"' 

.116 

C^mrSid^^ 

4.86 

^Blnee  tlM  miH  overrun  is  20  per  cent,  1,200  board  feet  mill  run  scale  will  equal  1,000  feet  log  scale.  The 
niD  run  seOing  price  of  S15.80  per  1,000  board  feet  must,  therefore,  be  increased  by  20  per  cent  to  make  it 
anaipyhu  wfth  tlM  Other  flgives,  which  ace  based  on  log  scale. 

*By  contract. 

*8  pv  cent  Intarest  on  8100,000  and  810,000  annual  overhead  charges. 

<  Average. 

89546**— Bull.  234—15 2 
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Table  10. — Total  cost  of  production,  viarket  price,  and  net   vrofit  for  lodgepole-pine 
stulls,  converter  poles ,  lagging  poles,  andcordwood,  Deerlodge  National  Forest,  Mont. 


Size. 

Market  price.* 

Price  at 

which 

square 

timber 

must 

Product 

Length. 

Top 
di- 
ame- 
ter. 

Per 
cent  of 
entire 
cut  by 
pieces.' 

Cost 
of  pro- 
duc- 
tion per 
piece.' 

Per 
piece. 

Per 
cubic 
foot. 

Per 
1,000 
board 
feet.4 

Profit 
piece. 

seUper 
thou- 
sand 
l>oard 
feet  in 
Butte 
to  equal 
round 
in  price 
T>er  cu- 
bic foot 

Fnt. 

In. 

Stulls 

14 

5 
6 

18.24 
16.76 

$0.25 
.32 

10.28 
.36 

$0.03 
.04 

"$6.'i66" 

moo' 

$8.33 

7 

7.19 

.40 

.50 

.111 

25.00 

.10 

0.25 

8 

4.30 

.55 

.71 

.118 

35.50 

.16 

9.84 

9 

1.H5 

.63 

.85 

.112 

28.33 

.22 

9.33 

10 

.88 

.71 

1.00 

.106 

25.00 

.29 

8.84 

11 

.39 

.79 

1.14 

.100 

22.80 

.35 

8.33 

12 

.37 

.93 

1.41 

.105 

20.13 

.48 

8.76 

13 

.12 

1.02 

1.55 

.099 

19.37 

.53 

8.26 

14 

.07 

1.16 

1.72 

.096 

17.20 

.56 

8.00 

15 

.04 

1.32 

1.90 

.094 

15.83 

.58 

7.73 

16 

.02 

1.45 

2.07 

.091 

14.78 

.62 

7.58 

17 

.01 

1.61 

2.25 

.088 

14.06 

.64 

7.33 

18 

.005 

1.82 

2.46 

.0N6 

12.94 

.64 

7.16 

16 

6 

10.42 

.41 

.45 

.102 

22.50 

.04 

8-50 

7 

11.12 

.51 

.59 

.102 

19.67 

.06 

8.50 

8 

10.09 

.65 

.86 

.116 

28.67 

.21 

9.67 

9 

7.18 

.73 

1.00 

.109 

25.00 

.27 

9.09 

10 

4.74 

.86 

1.18 

.104 

19.67 

.32 

8.67 

11 

2.76 

.95 

1.33 

.099 

19.00 

.38 

8.25 

12 

1.69 

1.05 

1.45 

.091 

18.12 

.40 

7.58 

13 

.89 

1.19 

1.63 

.089 

16.30 

.44 

7.42 

U 

.43 

1.28 

1.76 

.084 

16.00 

.48 

7.00 

15 

.22 

1.49 

1.98 

.084 

14.13 

.49 

7.00 

16 

.12 

1.64 

2.15 

.081 

13.43 

.51 

6.75 

17 

.06 

1.82 

2.33 

.078 

12.94 

.51 

6.50 

18 

.05 

1.98 

2.54 

.076 

12.09 

.56 

6.35 

Converter  poles 

24 
16 

'^ 

.385 
.115 

.385 
.12 

.123 
.12 

.015 
.005 

LasKine  poles 

coMw<S)a: .::::::::::::: 

1-6 

4.85 

6.00 

.063 



.15 

»  Based  on  262,621  pieces  scaled  in  1910-11. 

«  From  Table  8. 

*  At  the  rocker  stall  framing  plant,  near  Butte,  for  the  stulls;  at  the  Anaconda  smelter  fbr  the  ctmvertcr 
poles;  and  at  Butte  for  the  lagging  poles  and  cord  wood,  etc. 

4  Derived  from  the  figures  per  piece  by  using  the  contents  in  board  feet  of  pieces  of  different  sizes  given 
in  Table  5. 

ft  Average. 

The  stmnpage  price  per  piece  shown  in  Table  9  is  equivalent  to 
one  of  $4  per  thousand  board  feet.  This  price  has  been  in  effect  for 
several  years  in  the  principal  sales  on  the  Deerlodge  National  Forest. 
When  the  prices  for  the  various  products  were  reduced  to  a  cubic- 
foot  basis,  however,  considerable  irregularity  was  disclosed.  Small- 
dimension  material,  for  which  the  demand  is  relatively  light,  was 
bringing  a  higher  price  per  cubic  foot  than  the  larger-dimension 
material^  for  which  the  demand  is  great  and  which  takes  longer  and 
is  more  expensive  to  produce.  Since  the  timber  was  not  being  sold 
for  lumber  nor  actually  scaled  by  the  Decimal  C  rule,  it  was  con- 
sidered advisable  to  adopt  a  set  of  piece-rate  prices,  based  on  cubic- 
foot  contents  and  increasing  with  the  diameter  and  length  of  the 
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individual  pieces.  Table  11  shows  the  prices  now  in  effect  in  lodge- 
pole  sales  similar  to  those  on  the  Deerlodge  Forest.  The  (Jovem- 
ment  obtains  practically  the  same  total  return  on  all  classes  of 
material  cut  annually.  The  lower  prices  on  smallernsized  material 
tend  to  encourage  thinnings,  while  the  higher  prices  for  the  larger 
timber  oSset  the  decreased  returns  from  the  former. 

Table  11. — Rate  per  cubic  foot  and  price  per  piece  for  lodgepole-pine  tirnher^  Deerlodge 

NatUmal  Forest,  Mont 


Length 

lOfeet 

Length,  12  feet. 

^.ength,14feet. 

Length,  16  feet. 

Length,  18  feet. 

Top  diameter. 

Rate 
p«  cu- 
bic foot 

Price 
piece. 

Rate 
per  cu- 
bic foot. 

Price 
ptee. 

Rate 
per  cu- 
bic foot. 

Price 

Rate 
per  cu- 
bic foot 

Price 
piece. 

Rate 
per  cu- 
bic foot 

Price 
pfeoe. 

/neiet. 
4. 

Cents. 
a  76 
.8 
LO 
L4 
L7 
2.0 
2.1 
2.1 

Otntt. 
I 
1 
2 
5 
7 
10 
13 
16 

Omt$, 
LO 
LO 
LI 
L4 
L8 
2.0 
2.1 
2.2 
2.2 
2.3 
2.4 

Cents. 

L6 

2 

3 

6 

0 
13 
17 
21 
24 
30 
36 

Cents. 
a  75 
.8 
LI 
L4 
LO 
2.0 
2.1 
2.2 
2.3 
2.4 
2.6 
2.6 
2.7 
2.8 
2.0 

Cents. 
L6 
2.5 
4.0 
6.0 
ILO 
15.0 
20.0 
25.0 
3L0 
37.0 
45.0 
53.0 
62.0 
7L0 
83.0 

Cents. 
0.75 
.8 
L2 
1.6 
LO 
2.0 
2.1 
2.2 
2.3 
2.4 
2.6 
2.6 
2.7 
2.8 
2.0 

Cents. 
2 
3 
6 
8 
14 
18 
24 
30 
36 
44 
52 
62 
71 
84 
08 

Cents. 
0.75 
.0 
L3 
L6 
LO 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.0 

Cents. 
2 

5 

4 

« 

7 

7 

11 

8. 

16 

9 

21 

10. 

27 

n 

34 

12 

43 

13 

52 

M 

60 

15. 

71 

1« 

83 

17 

95 

18. 

100 

Length,  20  feet. 

Length,  25  feet. 

Length,  30  feet. 

Length,  35  feet. 

Length,  40  feet 

T(q^  diameter. 

Rate 
per  cu- 
bic foot. 

Price 

pi^ 

Rate 
per  cu- 
bic foot. 

Price 
p^e. 

Rate 
per  cu- 
bic Ibot. 

Price 

Rate 
per  cu- 
bic Ibot 

Price 
pkce. 

Rate 
per  cu- 
bic foot 

Price 

TiKke$. 
4 

CtfUt. 
0.8 
LO 
L8 
L6 
LO 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.0 

OtfUa. 

2.5 

5 

8 
13 
10 
24 
31 
30 
40 
60 
70 
81 
04 
111 
126 

Cents. 
0.8 
LO 
L4 
L7 
2.0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 

Cents. 
4 
6 
11 
18 
26 
34 
41 
54 
64 
70 
95 
110 
133 
150 

Cents. 
0.0 
L2 
L5 
L9 
2.0 
2.1 

Cents. 
6 
10 
16 
26 
35 
45 

Cents. 

Cents. 

Owtt. 

Cents. 

5. 

6 

L7 

L9 
2.0 
2.1 

23 
32 
4i 
55 

L8 
2.0 
2.1 
2.2 

31 

7 

44 

8 

57 

9 

73 

W. 

U 

12 

IS .  .. 

U. 

IS.... 

M. 

17 

18. :    

Lower  stumpage  prices  than  those  shown  are  often  received  for 
lodgepole-pine  timber  in  many  places  where  only  small  quantities 
are  required  for  local  use.  In  Montana  the  minimum  price  is  approxi- 
mately $2.50  per  thousand  board  feet.  The  price  of  lodgepole-pine 
stumpage  in  Forest  Service  timber  sales  ranges  between  this  figure 
and  $4.50  per  thousand.  On  State  and  private  lands  the  average 
prices  are  about  the  same,  though  in  some  cases  the  minimum  may 
be  lower  than  on  the  National  Forests. 
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The  market  prices  for  lodgepole-pine  products  vary  a  great  deal  in 
diflferent  localities.  The  price  of  ties  is  usually  fixed  by  agreements 
between  tie  contractors  and  the  railroads.  During  the  last  10  years, 
however,  there  has  been  a  steady  rise  in  the  prices  paid  for  lodgepole- 
pine  ties.  About  5  years  ago  one  large  company  held  a  contract  to 
dehver  a  minimum  of  500,000  ties  per  year  at  39  cents  on  the  track, 
and  for  all  over  the  minimum  number  was  to  receive  45  cents  each. 
Recently  the  prices  paid  have  ranged  from  50  to  65  cents  each  for 
first-class  ties. 

Mine  props  are  usually  sold  by  the  linear  foot,  the  pieces  varying 
in  diameter  from  3  to  6  inches  at  the  smaller  end,  and  in  length  from 
3 i  to  16  feet.  In  general,  prices  range  from  1  to  5  cents  per  linear 
foot,  according,  in  some  measure,  to  the  size  of  the  prop.  At  one 
place  in  Colorado,  for  example,  the  price  paid  f .  o.  b.  cars  is  1  cent  per 
linear  foot  for  16-foot  props,  and  1.5  cents  per  linear  foot  for  7,  8,  and 
10  foot  props  with  the  small  end  not  less  than  4  inches.  Representa- 
tive prices  for  stulls,  lagging,  and  converter  poles  in  the  vicinity  of 
Butte,  Mont.,  are  shown  in  Table  9.  Wood  usually  sells  from  $5  or  $6 
per  cord  delivered  to  the  consumer  in  town. 

In  many  places  there  are  strong  local  markets  for  lodgepole-pine 
liunber.  While  the  yearly  demand  is  not  large,  the  prices  paid  are 
good.  In  one  locality  the  mill  run  seUs  for  $17.50  per  thousand  board 
feet,  and  in  another  for  $20.50.  While  in  most  places  mill  run  is  sel- 
dom sold  for  less  than  from  $15  to  $16  per  thousand  board  feet,  yet 
where  lumber  is  considered  a  by-product,  such  material  is  often  sold 
at  only  a  small  profit  or  even  at  cost. 

CHARCOAL  MAKING. 

In  making  charcoal  the  first  work  is  to  grade  and  level  up  the 
ground  where  the  pit  is  to  be  located.  The  same  place  is  used  two  or 
three  times  to  save  work  in  grading.  The  wood  is  cut  in  10-foot 
lengths  and  hauled  to  the  place  where  it  is  to  be  burned.  Each  pit 
accommodates  about  50  cords  of  wood  properly  stacked  and  covered 
with  brush,  leaves,  and  dirt.  Very  complete  utilization  is  secured, 
since  even  small  branches  and  twigs  are  used  to  fill  in  chinks  and  for 
covering.  The  actual  burning  takes  about  20  days.  Forty  bushels  of 
charcoal  are  produced  per  cord  of  wood,  weighing  13}  poimds  per 
bushel.  Charcoal  makers  usually  work  in  pairs,  for  when  the  pit  is 
burning  it  must  be  watched  night  and  day  to  guard  against  blow-outs 
and  to  change  the  drafts  with  varying  weather  conditions.  Two  pits 
are  usually  burned  at  one  time,  a  pair  of  men  guarding  both. 

In  charcoal  operations  near  Bemice,  Mont.,  the  finished  product  has 
to  be  hauled  8  miles  to  the  railroad  at  Bemice.  One  round  trip  is 
made  a  day,  with  an  average  haid  of  400  bushels.  The  charcoal  is 
then  shipped  by  freight  to  Helena  in  carload  lots  of  1,600  bushels,  at 
a  rate  of  15  cents  per  hundred  pounds.  Itemized  costs  of  charcoal 
making  in  the  vicinity  of  Bemice  are  as  follows: 
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Per  cord  of 
wood. 


Per  bushel  of 
cfaarcoaL 


Stumpage 

Cutting  and  buming: 

Oiading 

Cutting 

Hftuling 

Covering 

BunilDg 

Hsoliog  to  laflroad 

Loading  on  cars 

Freight,  Bemioe  to  Helena 

Total 

Price  received  at  Helena 


ia50 


ia0135 


$ai7 
.00 
.45 
.56 
1.12 


$a0043 
.0225 
.0112 
.0140 


-3.20 
1.20 
.05 

.81 

5.76 
6.00 


.0800 


.0012 
.0202 


.1430 
.1500 


MANAGEMENT. 


OBJECTS. 


The  two  main  objects  to  keep  in  mind  in  the  management  of  lodge- 
pole-pine  forests  are  (1)  watershed  protection  and  (2)  a  maximum 
sustidned  yield  of  merchantable  timber  of  the  most  desirable  sizes. 

Its  wide  range  and  the  fact  that  most  of  the  stands  are  located  at 
the  higher  elevations,  where  rainfall  is  greatest  and  the  slopes  steep, 
give  lodgepole  pine  a  peculiar  importance  in  regulating  the  flow  of 
streams  which  have  their  headwi^ters  in  the  region.  Even  the  Mis- 
sissippi receives  a  considerable  part  of  its  summer  supply  of  water 
from  some  of  these  streams.  Thus  the  value  of  lodgepole-pine  forests 
for  the  conservation  of  water  is  probably  as  great  as  their  value  for 
timber  production,  especially  when  one  considers  their  slow  growth 
and  relatively  small  yield.  Nevertheless,  lodgepole  pine  is  an  im- 
portant timber  tree,  and  every  effort  should  be  made  to  produce  the 
greatest  possible  amount  of  merchantable  timber  consistent  with  the 
maintenance  of  an  adequate  forest  cover  on  the  watersheds.  Many 
classes  of  malarial  produced  by  lodgepole-pine  stands,  from  small 
pol^  to  the  largest  timber,  can  now  be  marketed,  though  the  demand 
for  each  class  is  not  proportionate  to  the  supply.  Small  stuUs,  mine 
props,  lagging,  converter  poles,  fence  poles,  and  cordwood,  for  ex- 
ample, are  produced  in  far  greater  quantities  than  the  market  can 
absorb,  while  the  demand  for  large  stulls,  ties,  telephone  poles,  and 
saw  timber  is  much  greater  in  proportion  to  the  available  supply  of 
this  class  of  material.  For  this  reason  every  effort  should  be  made  to 
produce  large  trees,  9  inches  or  more  in  diameter.  There  will  inevi- 
tably be  produced  at  the  same  time  sufficient  small  timber  to  meet 
every  demand. 

Throughout  most  of  the  lodgepole-pine  belt  the  species  should  be 
perpetuated  on  areas  now  occupied  by  it.  Exceptions  to  this  rule, 
however,  should  be  made  at  the  lower  and  upper  edges  of  the  belt, 
where  other  species  are  better  suited  to  the  conditions.  Thus  at  the 
lower  elevations  the  stand  should  be  allowed  to  revert  to  Douglas  fir 
and  at  the  upper  to  Engelmann  spruce.  Between  these  two  ex- 
tremes, however,  lodgepole  pine  shoiild  be  favored  against  these  and 
such  other  species  as  may  occur  in  mixture  with  it. 
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ROTATION. 

The  length  of  the  rotation,  which  is  the  period  represented  by  the 
age  of  the  stand  at  the  time  it  is  to  be  cut,  is  determined  by  the  rate 
of  growth  of  the  species  under  consideration  and  the  purpose  for  which 
it  is  to  be  used.  In  the  case  of  lodgepole  pine,  the  tree^s  slow  growth 
and  the  need  for  producing  as  large  size  material  as  possible  neces- 
sitate a  comparatively  long  rotation.  Table  11  shows  that  the  mean 
annual  growth  in  cubic  feet  of  normal  stands  in  Montana,  measured 
to  about  2i  inches  in  the  top,  culminates  at  from  70  to  90  years.  A 
rotation  of  this  length,  however,  gives  few  trees  9  inches  or  more  in 
diameter,  and  is  therefore  too  short.  For  material  scaled  to  a  6- 
inch  top  diameter  Umit  the  mean  annual  growth  in  board  feet  culmi- 
nates at  130  years,  and  for  material  scaled  to  8  inches  in  the  top,  at 
from  200  to  210  years.  At  130  years  only  about  two-fifths  of  the 
scale  material  is  8  inches  or  more  in  diameter  at  the  top  end,  which 
is  too  small  a  proportion,  while  at  200  years  nearly  nine-tenths  of  the 
material  is  of  large  size,  which  is  more  than  is  needed.  The  mean 
annual  growth  in  board  feet  to  a  6-inch  top  is  nearly  at  its  maximum 
at  140  years,  when  53  per  cent  of  the  scale  material  is  8  inches  or  more 
in  top  diameter.  This  is  about  as  small  a  proportion  of  large  ma^ 
terial  as  a  mature  stand  ought  to  produce ;  at  the  same  time  a  rotation 
of  140  years  is  not  unreasonably  long.  It  would  appear,  therefore, 
that  such  a  rotation  is  the  best  for  normally  stocked  lodgepole  stands 
on  average  sites  in  Montana.  While  yield  figures  for  normal  stands 
in  Wyoming  and  Colorado  are  not  available,  it  is  probable  that  a 
rotation  of  approximately  the  same  length  would  be  satisfactory  in 
these  States  for  the  production  of  mine  timbers  and  ties. 

Table  12.^ — Mean  annual  growth  per  acre  of  normal  stands  of  lodgepole  pine  on  average 
sites  (quality  JI),  at  various  ages,  Deerlodge  National  Forest,  Mont. 


Amount  of 

Age. 

Entire  tree, 

top 
diameter 
2J  inches. 

Scale  material. 

scale 

material 

8  inches 

and  over  In 

top 
diameter. 

Top 
diameter 
6  inches. 

Top 
diameter 
8  inches. 

Years. 
60 

Cubicfeet. 
40 
42 
42 
42 
41 
39 
37 
35 
33 

Board  feet. 
81 
92 
100 
105 
109 
112 
113 
114 
113 

Board  feet. 

0 

0 

0 

0 

15 

27 

38 

49 

60 

PercenL 
0 

70 

0 

80 ; 

0 

90 

0 

100 

14 

110 

34 

120 

34 
43 

130 

140 

53 

140to200« 

200 

24 
23 
22 

103 
102 
100 

90 
00 
89 

87 

210 : 

88 

220 

80 

I  Based  on  Table  9,  Department  of  Agriculture  Bullet  hi  164,  "The  Llfa  History  of  Lodgepole  Pine  in  the 
Rocky  Mountains. "  While  the  board  feet  fieures  are  not  strictly  accurate,  they  are  sufficiently  so  to  servo 
as  a  guide  in  determining  the  length  of  rotation. 

s  Between  140  and  200  years  there  is  a  constant  decrease  in  the  mean  annual  growth  in  cubic  feet  and  In 
board  feet  to  a  top  diameter  of  6  inches,  and  a  constant  increase  in  the  mean  annual  grovrtb  in  board  feet 
to  a  top  diameter  of  8  inches. 
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It  is  impossible  to  fix  a  single  rotation  for  the  ordinary  stands  now 
found  in  the  lodgepole-pine  region,  because  of  their  variable  density. 
Some  of  the  more  open  stands  are  ready  for  cutting  before  they  have 
reached  the  age  of  140  years,  while  many  of  the  denser  ones  will 
never  produce  large-sized  material  without  a  thinning.  For  aver- 
age, weU-stocked,  imthinned  stands  on  average  sites,  however,  a 
cutting  at  140  years  shoidd  jrield  8,000  or  10,000  board  feet  per  acre, 
with  a  fair  proportion  of  large-sized  timber,  and  at  the  same  time 
leave  from  200  to  500  of  the  smaller  trees  for  future  growth.  On 
the  better  sites  the  rotation  would  be  shorter  and  on  the  poorer 
sites  longer.  

BIETHODS  OF  CUTTING. 

DBTERHINING  FACTORS. 

A  number  of  things  have  to  be  considered  in  determining  the  best 
method  of  cutting  lodgepole  pine.  The  forest  must  be  left  in  such 
a  condition  that  it  will  continue  to  furnish  protection  to  the  water- 
shed, the  increment  of  the  whole  stand  must  be  increased  as  much 
as  possible,  the  trees  which  are  left  must  not  be  imduly  exposed  to 
injury  from  windfall  or  sim  scald,  and  the  material  removed  must 
be  of  sizes  for  which  there  is  a  ready  market.  The  object  of  the 
cutting  must  also  be  considered. 

mSTORT  OF  FRENCH  OULGH  TIMBER  SALE. 

In  order  to  give  a  clear  idea  of  the  present  plan  of  management  for 
lodgepole  pine  on  the  National  Forests,  the  methods  employed  in  the 
French  Gulch  timber  sale  on  the  Deerlodge  National  Forest  will 
be  briefly  described.  Owing  to  the  Forest's  proximity  to  Butte, 
where  material  of  all  sizes  can  be  disposed  of,  it  has  been  practicable, 
on  limited  areas  at  least,  to  use  a  number  of  different  systems  of 
cutting.  The  first  cutting  followed  the  selection  system.^  Although 
the  stand  was  opened  up  rather  heavily  in  places,  there  has  been 
but  little  windfall  and  the  trees  are  growing  faster  than  before  the 
cutting.'  This  system  was  not  used  for  a  sufficient  length  of  time 
early  in  the  operation,  however,  to  give  it  a  thorough  trial.  At 
about  the  same  time  the  single-tree  system  was  also  practiced  in 
some  places,  but  with  imsatisf  actory  results. 

The  first  definite  marking  rules  were  promulgated  in  October, 
1906.  They  provided  for  cutting  clean  strips  150  feet  wide,  run- 
ning with  the  slope,  with  75-foot  strips  between.  These  latter 
were  divided  into  blocks  75  feet  square,  alternate  blocks  being  cut 

*  Properly  speaking,  the  selection  system  is  one  used  in  many-aged  stands  of  tolerant  species,  from  which 
tlw  large  trees  are  removed  in  order  to  admit  light  to  the  smaller  ones  and  to  start  reproduction.  The 
iTstem  used  on  the  French  Gulch  sale  area  was  really  a  culling  or  form  of  partial  cutting,  but  the  term 
"sdectioii  system"  is  the  one  applied  to  this  method  in  the  lodgei)ole-phie  region. 

s  French  Gakh  is  in  the  Anaconda  smelter-smoke  tone,  which  tends  very  largely  to  oiZset  the  usual 
baaflta  which  follow  the  opening  up  of  a  stand. 
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clean  and  the  remainder  left  for  seed.  Even  in  the  seed  blocks 
thinnings  were  made  to  remove  lagging,  converter  poles,  and  large 
stuU  trees,  so  that  the  seed  groups  finally  consisted  of  from  30  to  60 
trees  ranging  from  7  to  11  inches  in  diameter.  In  exposed  situations 
over  90  per  cent  of  the  trees  left  have  been  blown  down,  and  many 
others  have  died  from  sun  scald  or  from  the  drying  out  of  the  soil. 
In  the  more  sheltered  situations,  particularly  where  the  original 
stand  had  been  somewhat  open,  windfall  has  been  much  less.  This 
heavy  loss  from  windfall  quickly  demonstrated  the  impractibihty 
of  such  a  system  for  general  use  in  lodgepole-pine  stands.  These  cut- 
tings were  not  a  fair  test  of  the  wind  firmness  of  the  species,  however, 
for  to  reduce  the  number  of  trees  per  acre  of  any  species  from  500 
or  1,000  to  about  50,  particularly  when  the  individual  trees  were 
tall  and  slender,  could  hardly  result  otherwise  than  in  excessive 
windfall. 

The  next  change  in  the  marking  system  naturally  aimed  to  elimi- 
nate windfall.  In  the  spring  of  1909  the  strip  system  was  applied. 
The  timber  was  clean  cut  in  strips,  with  seed  strips  from  100  to  150 
feet  wide  left  absolutely  intact  between  them.  The  width  of  the 
clean-cut  areas  was  from  one  to  three  times  that  of  the  seed  strips. 
This  system  proved  successful  in  reducing  windfall  to  a  negligible 
amount,  but  in  other  respects  had  no  advantage  over  the  seed-tree 
group  system.  In  both  systems  the  operator  gradually  accumulated 
a  surplus  of  cordwood  and  small  stulls  in  excess  of  the  market  de- 
mand, while  the  Government  lost  from  the  clean-cut  areas  many 
small,  thrifty  trees  capable  of  rapidly  developing  into  large  material 
under  better  management.  At  the  same  time  there  remained .  in 
the  seed  strips  many  large,  slowly  growing  trees  wanted  by  the 
operator  and  not  of  use  in  the  stand  except  to  prevent  windfaD. 
Neither  of  the  systems  is  satisfactory  in  regard  to  watershed  pro- 
tection, nor  does  either  tend  to  increase  the  volume  or  better  the 
quaUty  of  the  succeeding  stand. 

Another  important  drawback  to  the  systems  mentioned  was  their 
lack  of  adaptabihty  to  the  great  variety  of  conditions  found  on  the 
sale  area.  Overdense  stands  of  lagging  and  converter  poles,  badly 
in  need  of  thinning,  remained  untouched,  because  a  suflScient  amount 
of  such  material  was  being  obtained  from  the  clear-cut  areas.  Over- 
dense  and  moderately  dense  even-aged  stands,  uneven-aged  stands, 
and  old  and  young  stands  were  all  cut  in  exactly  the  same  way. 
For  this  reason  the  system  of  cutting  was  still  further  modified  in  the 
fall  of  1910  and  again  sUghtly  modified  in  the  summer  of  1913.  The 
present  marking  rules  are  as  follows: 
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FiQ.  1.— Single  Seed-Tree  Method  of  Cutting  Employed  Early  in  the  French 

Gulch  Sale. 

Uuch  windfall  resulted,  and  many  trees  died  of  sun  scald  when  exposed  to  full  light.    Most 
of  the  windthrown  trees  had  been  utilized  before  the  picture  was  taken." 


Fig.  2.— Selection  Cutting  on  the  French  Gulch  Sale. 

The  stand  was  heavily  thinned  in  1906.  Remaining  trees  are  well  spaced  and  already 
six>w  increased  growth.  This  thinning  was  somewhat  heavier  than  those  now  being 
made  in  selection  cuttings,  but  shows  very  little  windfall. 
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FiQ.  1  .—Selection  Cutting  on  the  French  Gulch  Sale,  with  Brush  Burned 
AND  Products  Removed. 

Note  low  stumps. 


Fig.  2.— Selection  Cutting  on  the  French  Gulch  Sale  in  which  Nearly  All 
Trees  which  Would  Make  8-Inch  Stulls  were  Removed. 

Note  side  branches  and  short  clear  lengths. 
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Mabxino  Kulbs   for  Lodobpolb-Pine    Stands  on  the  Deerlodqe  National 

Forest. 

gla88ification  op  stands. 

1.  Over-mature  stands: 

Such  stands  are  over  160  years  in  age,  contain  mainly  trees  10  inches  or  over 
in  diameter,  which  haye  evidently  passed  maturity  and  are  practically  at  a 
standstill,  if  not  on  the  decline. 

A  very  laige  proportion  of  the  cubic-foot  volume  of  the  stand  consists  of  mate- 
rial 8  inches  and  over  in  diameter. 

In  openings  which  have  occurred  in  the  stand  from  various  causes  there  are 
frequently  groups  of  young  or  middle-aged  trees  which  are  thrifty  and  growing 
faiily  rapidly.  Owing  to  the  thinning  out  of  the  crown  cover  with  old  age,  there  is 
also  usually  more  or  less  reproduction  on  the  ground.  An  example  of  this  class 
of  stands  is  that  found  in  Julius  Gulch,  on  the  French  Gulch  sale  area. 

2.  Mature  stands: 

Stands  of  this  class  usually  range  in  age  from  120  to  160  years,  but  may  fre- 
quently be  older  than  160  and  in  a  few  cases  yotmger  than  120,  depending  mainly 
upon  the  stage  of  development  of  the  stand,  as  a  whole,  as  to  the  production  of 
trees  10  inches  or  over  in  diameter. 

This  classification  aims  to  include  stands  which  contain  a  large  number  of 
trees  10  inches  and  over  in  diameter  which  are  now  ready  for  cutting,  with  a 
considerable  proportion  of  the  whole  number  of  trees,  usually  over  60  i)er  cent, 
below  10  inches  in  diameter  and  still  with  crowns  sufficiently  thrifty  to  respond 
with  a  material  increase  in  the  rate  of  growth  to  openings  which  may  be  made 
in  the  stand. 

Such  stands  may  range  up  to  180  or  190  years  in  age  where  they  have  been 
somewhat  crowded  in  youth. 

Groups  of  young  growth  are  of  more  or  less  frequent  occurrence  in  natiural 
openings. 

Examples  of  stands  of  this  class  are  fotmd  in  the  Jabez  Doney  sale  area,  on 
Dry  Gulch,  in  the  Bemice  district,  and  in  the  selection  cuttings  along  American 
Gulch,  below  the  main  flume,  on  the  French  Gulch  sale  area. 

3.  Immature  stands: 

Usually  under  120  years  of  age,  but  classified  as  young  mainly  because  they 
do  not  yet  contain  any  considerable  proportion  of  trees  which  will  yield  8-inch 
material. 

'niis  class  is  further  divided  into — 

(a)  Converter  pole  stands: 

Ordinarily  from  80  to  120  years  in  age,  but  may  range  up  to  an  age 
of  160  years  where  the  stand  had  its  origin  in  overdense  repro- 
duction. 

There  are  usually  present  a  few  trees  from  7  to  10  inches  in  diameter, 
but  most  of  the  trees  have  a  diameter  of  less  than  8  inches. 

Usually  there  is  no  reproduction  coming  in  imder  such  stands. 

(b)  Lagging  stands: 

Such  stands  usually  range  in  age  from  50  to  80  years,  but,  due  to 
overdensity  of  reproduction,  may  be  as  old  as  140  years. 

Occasionally  there  are  a  few  trees  from  6  to  8  inches  in  diameter, 
but  most  of  the  trees  are  below  6  inches. 
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OBJECTS  OF  MABKINO. 

The  main  object  of  cutting  done  on  the  Deerlodge  Forest  will  be  to  secure  the 
greatest  possible  increase  of  increment  for  the  Forest,  as  a  whole,  but  not  necessarily 
for  each  particular  acre  cut  over  considered  by  itself. 

The  overmature  stands  will  be  cut  with  the  intention  of  removing  the  old  timber 
now  at  a  standstill  and  securing  a  stand  of  rapidly  growing  reproduction  in  its  place. 

Mature  stands  will  be  cut  with  the  object  of  removing  the  laiger  trees  now  ripe  in 
size  for  cutting  and  retaining  the  smaller  trees  so  situated  that  many  of  them  will 
grow  to  a  diameter  of  over  9  inches  within  the  next  20  to  50  years.  Reproduction  is  not 
aimed  at,  although  the  manner  of  cutting  will  secure  it  in  many  openings  and  will 
hasten  its  growth  in  the  many  places  where  it  already  occurs. 

Young  stands  will  be  handled  by  improvement  thinnings,  strictly  with  the  idea  of 
saving  the  most  promising  trees  and  giving  them  sufficient  room  to  grow  n^idly  in 
the  future  to  good  size. 

CLASSIFICATION  OF  EXPOSURES. 

The  following  classification  is  made  as  a  guide  to  the  men  doing  the  marking,  with 
the  object  of  adjusting  the  severity  of  the  cutting,  in  the  mature  stands  particulariy, 
to  the  purpose  of  securing  safety  from  windfall. 

The  prevailing  wind  direction  is  southwest  for  the  Forest  as  a  whole,  althou^  it 
may  be  modified  locally  by  topography. 

Especially  moist  and  especially  shallow  soils  increase  the  danger  of  windfall  and 
should  therefore  be  given  consideration  in  clasedfying  various  areas  as  to  exposure. 
The  presence  of  former  wlnd&dls  should  also  be  considered. 
Safe  exposures: 

In  this  classification  are  included  the  bottoms  of  gulches,  as  a  rule,  exc^ 
where  they  lie  parallel  to  the  course  of  the  prevailing  wind  for  a  considerable 
distance.  Slopes  to  the  north  and  east,  or  in  any  direction  where  short  or  unim- 
portant and  well  protected  by  considerably  higher  ground  not  far  to  windward. 
Examples  of  such  areas  are  the  bottoms  of  the  gulches  and  the  slopes  on  the 
Divide  Creek  sale  area. 
Medium  exposures: 

This  includes  the  larger  flat  areas,  gentle,  lower  slopes  to  the  south  and  west, 
and  the  minor  ridge  tops  where  protected  by  high  hills  or  mountains  not  &ur  to 
windward.  Examples  are  the  flats  and  gentle  slopes  to  the  west  below  the  main 
flume  at  French  Gulch,  the  minor  ridge  tops  on  Divide  Creek,  and  the  higher 
portion  of  the  Dry  Gulch  sale  area. 
Qreat  exposures: 

The  crests  of  exposed  ridges  and  exposed  slopes  to  south  and  west  not  protected 
by  marked  topography.  Such  areas  would  include  the  south  and  west  face  of 
Slide  Rock  Moimtain  and  the  ridge  between  Julius  and  Vanetti  Gulchee  on  the 
French  Gulch  sale  area. 

METHODS  OF  ICABKINO. 

1.  Overmaivre — Clean  cutting: 

Cut  all  timber  merchantable  under  the  terms  of  the  contract  excepting  tfa«t 
under  7  inches  diameter  breast  high. 

Leave  groups  of  smaller  size  trees  and  young  growth  as  carefully  preserved  as 
possible. 

Leave  none  of  the  larger  trees  as  a  protection  against  windfall. 

The  trees  left,  together  with  the  seed  already  in  the  soil  and  in  the  cones  of 
trees  cut,  will  provide  for  reproduction. 
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2.  Maiwre — SelecUon  cutting: 

Cuttmg  will  be  done  only  to  such  a  degree  as,  in  the  judgment  of  the  marker, 
will  leave  the  stand  safe  from  windfall,  particular  attention  being  paid  to  exposure. 

Cut  the  larger  trees— all  14  inches  and  over — ^unless  needed  to  prevent  windfall. 

Cut  trees  10  to  13  inches,  unless  they  are  needed  to  prevent  windMl,  or  imless 
they  are  especially  sound,  thrifty  individuals  standing  wha«  they  will  profit 
greatly  by  the  amount  of  light  which  they  are  now  receiving  or  will  receive  after 
cuttiog. 

Cut  8  and  9  inch  trees  only  when  their  removal  is  desirable  for  the  good  of  the 
remaining  stand,  and  when  they  are  entirely  acceptable  to  the  operator. 

Cut  no  converter  poles  or  lagging  trees,  or  trees  of  similar  size  (7  inches  or  imder), 
whether  green  or  dead ,  from  stands  of  this  classification .  Such  material  may,  how- 
ever, be  utilized  at  the  option  of  the  operator,  from  the  tops  of  the  trees  designated 
for  cutting,  or  from  material  cut  from  roadways,  banking  grounds,  etc. 

Excepting  with  the  general  consent  of  the  operator,  expressed  as  to  definite 
areas,  no  tree  which  will  not  make  at  least  one  8-inch-16-foot  piece  will  be  marked 
far  cutting.  On  the  other  hand,  all  defective  and  limby  trees,  whose  retention 
in  the  stand  is  not  desired  to  prevent  windfall,  will  be  marked  for  cutting  if  they 
will  yield  one  8-inch-16-foot  piece. 

Small  pockets  of  larger  trees  may  be  cut  clean.  Such  patches  should  not  ordi- 
narily exceed  a  quarter  acre  in  area  and  will  usually  be  much  smaller.  These 
clean-cut  patches  should  not  exceed  20  i>er  cent  of  the  cutting  area  in  mature 
stands,  and  the  cutting  in  the  timber  around  their  edges  should  be  lighter  than 
usual  to  mamtain  the  windfirmness  of  the  whole  stand. 

The  marker  diould  have  constantly  in  mind  the  object  of  leaving  the  stand  in 
the  best  i>068ible  condition  for  increased  growth  after  the  cutting,  for  which 
purpose  thrifty  crowned  trees  should  be  left  with  as  reasonable  an  amount  of 
growing  space  as  the  limitations  of  the  system  as  above  set  forth  will  permit. 

Selection  marking  should  be  very  light  around  the  edges,  especially  the  leeward 
edges,  of  parks  or  clean-cut  areas  an  acre  or  more  in  extent. 

On  "safe''  exi)osures,  as  defined  above,  no  attention  need  be  paid  to  windfall, 
since  the  other  rules  will  leave  sufi^cient  timber  on  the  ground  to  insure  windfirm- 
nen  of  the  stand. 

On  ''mediimi"  exposures  the  marking  should  be  done  about  as  it  has  been  in 
the  selection  areas  below  the  main  flume  at  French  Gulch,  where  there  are  left 
70  per  cent  of  the  trees  3  inches  and  over,  62  per  cent  of  the  trees  6  inches  and 
over,  and  20  per  cent  of  the  trees  10  inches  and  over. 

On  "great"  exposures  the  cutting  should  remove  approximately  25  per  cent 

less  than  from  the  "medium"  exposiu-es,  or  should  leave  approximately  80  per 

cent  of  the  trees  3  inches  and  over,  70  per  cent  of  the  trees  6  inches  and  over,  and 

40  per  cent  of  the  trees  10  inches  and  over. 

The  foregoing  are  general  rules  as  to  the  amoimt  to  be  left,  and  must  be  adapted 

carefully  to  the  exposure,  soil  moisture  and  depth,  topography,  and  condition  of  the 

timber  in  each  case,  but  the  leaving  of  a  sufficient  stand  to  be  safe  from  wind  throw 

will  be  the  primary  consideration  in  all  selection  marking. 

3.  Immature---Impr<>ve7nent  thinning  with  the  object  of  retaining  the  best  trees  and 
leaving  them  in  the  best  possible  position  to  grow  rapidly  to  laige  size. 

(a)  Converter-pole  stands: 

The  marker  will  mentally  select  for  leaving  the  best  trees,  straight,  sound  trees 
with  considerable  clear  length  and  a  good  crown  development  for  the  most  part, 
and  will  aim  to  leave  such  trees  as  evenly  disposed  as  possible  over  the  area, 
and  at  the  rate  of  about  2  per  square  rod  (320  per  acre)  as  an  ideal  number.  All 
other  green  trees  which  will  mi^e  converter  poles  (4  to  6  inches  diameter  breast 
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high)  will  then  be  marked  for  cutting.  No  lagging  trees  will  be  marked  for  cut- 
ting, for  such  trees  will  not  interfere  with  the  growth  of  the  larger  trees  especially 
selected  for  leaving.  No  dead  trees  will  be  cut  unless  they  will  produce  at  least 
one  8-inch-16-foot  piece.  On  account  of  the  difficulty  of  handling  long  poles  in 
dense  stands,  the  cutting  of  frequent  skid  roads  is  permissible. 

Under  this  system  of  cutting  no  attention  need  be  paid  to  windfall,  for  a  suffi- 
cient number  of  larger  trees  together  with  a  large  number  below  converter-pole 
size  will  be  left  to  withstand  the  wind. 
(6)  Lagging  stands: 

The  marker  will  mentally  select  for  leaving  the  best  individual  trees — bo  far 
as  possible  straight,  sound  trees,  with  either  some  clear  length  or  at  least  without 
large  limbs  developed  at  the  base  of  the  tree — and  will  aim  to  leave  such  trees 
as  evenly  disposed  as  possible  over  the  area,  and  at  the  rate  of  3  per  square  rod 
(480  per  acre)  a«  an  ideal  number.  All  other  green  trees  which  will  make  lagging 
(3  to  5  inches  diameter  breast  high)  will  then  be  marked  for  cutting.  No  dead 
lagging  will  be  cut.  The  cutting  of  frequent  skid  roads  is  permissible.  No 
attention  need  be  paid  to  windfall. 

The  result  of  cutting  under  this  selection  system  at  French  Gulch 
has  been  to  leave  a  considerably  larger  number  of  trees  on  the  ground 
than  under  the  clear-cutting  system,  and  so  placed  that  the  rate  of 
growth  of  most  of  them  wiU  be  increased.  The  proportion  of  cord- 
wood  and  small  stuUs  taken  by  the  operator  has  been  reduced  and 
the  total  number  of  large  stuUs  increased  as  indicated  by  the  fol- 
lowing figures : 


Per  cent  largo  (8 
inches  and  over). 

Per  cent  sm&ll 
(under  8  inches). 

Selection 

Clear 
cutting. 

Selection 
cutting. 

Clear 
cutting. 

Number  of  stuJls  cut 

57 
71 

76 

37               -« 

63 

Cubic  foot  volume  of  stulls  cut 

51 
57 

29 
24 

49 

Board  foot  volume  of  stuils  cut.         

43 

By  the  present  method  of  cutting,  2.67  cords,  or  their  equivalent, 
are  taken  with  each  100  large  stuUs;  by  the  clear-cutting  method, 
4.95  cords  were  taken.  In  the  selection  cuttings,  too,  the  average 
size  of  the  large  stulls  is  greater  than  was  the  case  in  the  clear  cut- 
tings. The  amount  of  material  of  various  classes  cut  imder  the  two 
systems  is  given  in  Table  13.  The  amoimt  of  material  and  the  num- 
ber of  trees  of  various  sizes  cut  and  left  by  the  selection  system  are 
shown  in  Tables  14  and  15. 
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Tablb  13. — Material  of  varUms  classes  secured  tmder  selection  cutting  and  clear  cutting 
on  a  representative  portion  of  the  Frendi  Gulch  sale,  Deerlodge  National  Forest,  Mont, 

[Average  acre  based  on  sample  areas  actually  cut  and  scaled.] 


Selection  cutting. 

Clear  cutting. 

Cut. 

Uncut. 

Total. 

Cut. 

Number. 

Volume. 

Number. 

Volume. 

Number. 

Volume. 

Number. 

Volome. 

StoUsS  inches  and 

over. 

Stalls  under  8  inches. 

176 

135 

41 

7 

89 
3.3 

CuMcfeet, 

1,670 

602 

20 
89 
266 

67 
180 
116 

79 
106 
1.9 

CuMcfeet, 

800 
308 
238 
106 
150 

243 
315 
156 
86 
195 
5.2 

CubicfeeL 
2,216' 
1,402 
418 
258 
195 
416 

288 
340 
66 

203 
808 

7.8 

CuMcfeet, 

2,135 

1,676 

149 

610 

308 

C<x3w6bd. 

624 

Total 

2,757 

2,148 

4,906 

5,496 

Table  14. — Per  cent  of  material  cut  and  left  in  selection  cuttings  on  the  French  Gvlch 
sale,  Deerlodge  National  Forest  y  Mont. 


Percent 
left. 


CnU^foot  volume  of  stand 

Board-foot  volume  of  stand 

Lansstnlb 

Cabio>fbot  volume  of  large  stulls  in  stand. . 
Board-foot  volume  of  large  stulls  in  stand . 
Green  trees  3  inches  and  over  in  diameter. 
Green  trees  6  in<dies  and  over4n  diameter. 
Green  tzees  10  inches  and  over  in  diameter 


44 

36 
28 
25 
24 
70 
62 
20 


Table  16. — Number  of  trees  cut  and  left  on  an  average  acre  under  the  selection  system, 
Deerlodge  National  Foresty  Mont, 


Diameter  bnsast- 

Number  of  trees. 

Diameter  breast- 
high. 

Number  of  trees. 

high. 

Total. 

Cut. 

Left. 

Total. 

Cut. 

Left. 

Indus. 
3....                

34 
65 
54 
53 
61 
54 
44 
31 
28 
20 
22 
13 

2 
6 
9 
4 
5 
8 
10 
16 
23 
17 
19 
13 

32 
60 
45 
49 
56 
46 
34 
16 
5 
3 
8 

Inches. 
IS 

6 
4 
2 
1 
1 
.25 

6 
4 

2 
1 
1 
.25 

4 

16 

S 

17 

6. 

18      .           ... 

19 

8.. 

20           

9 

21 

19 

22 

U  .                      

23 

.26 

.26 

]2 

Total 

13.  .                 

483.6 

145.6 

338 

U 

Average  diameter  of  trees  cut,  11.2  indies. 
Average  diameter  of  trees  left,  6.8  inches. 
30  per  cent  of  trees  3  inches  and  over  cut. 
38  per  cent  of  trees  6  inches  and  over  cut. 
80  per  oent  of  trees  10  inches  and  over  cut. 
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In  order  to  determine  precisely  what  form  marking  should  assume 
at  each  particular  place,  a  detailed  map  was  made  by  the  men  who 
did  the  work.  Besides  showing  the  different  kinds  of  stands,  this 
map  formed  a  valuable  record  of  the  area  cut  over.  The  cost  of 
marking,  including  that  of  the  map,  averages  about  8  cents  per  thou- 
sand feet.  It  costs  more  to  mark  the  trees  in  winter  than  in  summer, 
and  more  for  the  selection  system  than  for  clean-cutting.  Compared 
with  the  cost  in  stands  of  such  species  as  yellow  pine,  that  for  lodge- 
pole  pine  is  rather  high,  owing  to  the  small  size  of  the  individual 
trees.  It  has  been  foimd  advisable,  with  the  present  system  of  cut- 
ting, to  mark  rather  lightly  at  first,  marking  again  after  the  first  trees 
have  been  cut.  This  causes  no  hardship  to  the  operator,  for  the 
second  marking  is  done  before  the  choppers  finish  a  strip.  It  costs 
slightly  more  than  a  single  marking,  but  gives  more  satisfactory 
results.  The  marking  rules  for  the  Deerlodge  are  based  upon  the 
requirements  of  the  Butte  market.  They  aim  not  only  to  furnish 
the  proper  amount  of  each  kind  of  material  needed  by  the  timber 
purchaser,  but  also  to  secure  the  maximum  benefits  in  the  way  of 
increased  growth,  etc.,  for  the  Forest  as  a  whole.  This  does  not  mean, 
of  course,  that  each  individual  acre  cut  over  is  left  in  the  best  possible 
sUvicultural  condition.  To  do  that,  the  operator  would  have  to  cut 
a  greater  proportion  of  small  material  than  the  market  could  absorb. 
The  cutting  in  mature  stands  would  yield  all  the  lagging  and  con- 
verter poles  needed,  so  that  it  would  not  be  possible  to  secure  the 
thinning  of  overdense  immature  stands.  Lagging  poles,  for  example, 
can  be  secured  either  by  taking  very  badly  suppressed  or  dead  trees 
of  the  proper  sizes  from  mature  or  overmature  stands,  or  by  thinning 
dense  young  stands.  If  they  are  taken  from  old  stands  no  improve- 
ment in  the  rate  of  growth  of  the  remaining  trees  will  result;  there 
will  simply  be  a  utilization  of  material  which  is  either  at  a  standstill 
or  already  dead.  If,  however,  lagging  poles  are  taken  from  over- 
dense  yoimg  stands,  the  remaining  trees  will  be  greatly  benefited, 
the  stand  being  changed  from  one  in  which  the  production  of  large 
material  is  going  on  very  slowly  to  one  in  which  it  is  comparatively 
rapid.  For  this  reason,  timber  of  small  diameter  should,  so  far  as 
practicable,  be  taken  in  the  form  of  thinnings  from  the  younger 
stands. 

Overmature  stands  of  lodgepole  pine  on  the  Deerlodge  Forest  "will 
not  be  cut  absolutely  clean.  A  number  of  trees  less  than  7  inches 
in  diameter  will  be  left  on  each  area.  Groups  of  yoxmg  growth  which 
have  come  up  in  openings  will  also  be  left,  together  with  scattered, 
suppressed  seedlings.  The  live  trees  which  remain  after  the  cutting 
and  the  sealed  cones  on  the  groxmd  will  furnish  enough  seed  to  start 
satisfactory  reproduction  in  the  open  places.    There  may  be  occa- 
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Bional  small  openings,  however,  which  wiU  not  seed  up  for  from  10  to 
20  years.  The  result  will  be  a  new  stand  with  a  considerable  range  in 
age.  A  number  of  the  4,  5,  and  6  inch  trees  left  standing  wiU  undoubt- 
edly be  blown  down.  Such  loss,  however,  wiU  be  far  less  than  would 
be  the  case  if  a  sufficient  numbei:  of  the  larger  trees  were  left  uncut 
to  insure  the  wind  firmness  of  the  smaller  ones.  In  the  latter  event, 
there  would  probably  be  a  severe  windfall  among  the  larger  trees; 
the  cost  of  logging  would  be  increased,  and  a  considerable  part  of  the 
producing  power  of  the  soil  would  be  lost  for  a  time. 

In  mature  stands,  cut  under  the  selection  system,  windfall  wiU  be 
negligible  if  the  marking  is  carefuUy  done.  In  many  of  the  openings 
seedlings  will  start  and  grow  vigorously;  in  other  places,  where  a  fair 
number  of  trees  still  remain  on  the  ground,  they  wiU  grow  slowly  until 
released  by  a  later  cutting;  while  in  stiU  others  the  stand  wiU  be  too 
dense  for  reproduction  to  start.  From  15  to  20  years  later  it  wiU  be 
possible  to  cut  the  stand  again,  at  which  time  the  process  just  outlined 
win  be  repeated.  Later  cuttings  will  completely  remove  the  original 
stand,  leaving  one  of  many  age  classes,  the  latter  largely  in  groups. 

When  immature  stands  of  lodgepole  pine  are  thinned  one  or  more 
times,  the  final  stand  wiU  contain  trees  more  nearly  uniform  in  size 
than  IS  the  case  in  vii^n  stands.  When  the  large  trees  are  removed 
m  one  cutting,  as  outlined  for  overmature  stands,  the  previous  thin- 
nings will  have  resulted  in  more  or  less  reproduction,  which,  together 
with  the  seed  from  cones  on  the  ground  and  from  small  trees  left 
standing,  will  furnish  the  basis  for  the  next  stand.  If  the  large  trees 
are  removed  in  two  or  three  cuttings,  reproduction  wiU  be  secured  by 
the  shelterwood  system. 

Thinnings  pay  well  for  themselves  in  accessible  areas  near  Butte. 
From  1  acre  on  which  there  was  a  60-year  stand  consisting  of  2,044 
poles,  from  25  to  45  feet  tail,  1,022  lagging  poles  were  cut.  Four 
hundred  and  eighty-four  (about  3  per  square  rod)  of  the  largest  and 
most  thrifty  trees,  varying  from  4  to  6  inches  in  diameter  and  from 
35  to  45  feet  tall,  were  left.  In  addition,  there  were  also  left  538 
suppressed  trees  too  small  to  interfere  with  the  growth  of  the  larger 
ones.  This  thinning  yielded  $30.66  per  acre  in  stumpage,  and  the 
trees  which  were  left  are  now  splendidly  placed  to  grow  rapidly  to 
large  size. 

Wherever  a  mature  or  overmatiu'e  stand  is  accessible,  and  the  cost 
of  removing  the  timber  is  not  great,  it  is  advisable  to  cut  more  Ughtly 
than  indicated  by  the  marking  rules,  in  order  that  defective  and 
deteriorating  trees  may  be  removed  and  growth  stimulated  over  the 
largest  i>ossible  area.  Where  the  timber  is  more  or  less  inaccessible, 
however,  as  is  usually  the  case  with  lodgepole  pine,  it  is  necessary  to 
cot  heavily  in  order  to  justify  the  expense  of  the  necessary  improve- 
meats. 
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CUTTINGS   ON   OTHER   NATIONAL  FORESTS. 


In  a  selection  cutting  of  lodgepole  pine  on  the  Medicine  Bow  Na- 
tional Forest  36  per  cent  of  the  original  board-foot  volume  of  the 
stand  was  removed.  In  a  similar  cutting  on  the  Arapahoe  National 
Forest  40  per  cent  of  the  original  volume  was  taken.  The  marking 
in  these  cases  was  considerably  lighter  than  at  French  Gulch,  due  to 
the  greater  exposure  of  the  timber  on  the  Medicine  Bow  and  to  the 
greater  accessibility  of  that  on  the  Arapahoe.  The  marking  on 
22  representative  acres  on  the  Bighorn  National  Forest  in  Wyoming, 
in  the  smnmer  of  1913  provided  for  the  removal  of  approximately 
58.5  per  cent  of  the  board-foot  volume.  Table  15  shows  by  diameter 
classes  the  number  of  trees  and  the  volume  in  board  feet  removed 
and  left  on  an  average  acre  in  the  operations  on  the  Medicine  Bow 
National  Forest. 

Table  16. — Number  of  trees  and  volume  in  board  feet  removed  and  left  on  an  average 
acre  in  selection  cuttings  on  the  Medicine  Bow  National  Forest,  Wyo. 

[Based  on  07  measured  acres.) 


Diame- 

Trees cut 

per  acre. 

Trees  left 

per  acre. 

ter 
breast 

Living. 

Dead. 

Living.          1 

high. 

Number. 

Volume. 

Number. 

Volume. 

Number. 

Volume. 

Inches. 

Board  ft. 

Board  ft. 

Boofdft. 

7 

0.71 

9 

2.18 

26 

38.70 

464 

8 

.94 

23 

2.19 

55 

37.50 

932 

9 

1.50 

63 

1.54 

65 

3L06 

1,304 

10 

3.03 

194 

1.61 

103 

23.95 

1,531 

11 

2.70 

230 

1.27 

108 

15.44 

1,313 

12 

6.76 

710 

.89 

93 

9.60 

1,007 

13 

6.36 

705 

.77 

98 

6.47 

821 

14 

6.04 

776 

.38 

59 

4.71 

726 

15 

2.53 

462 

.29 

53 

2.27 

413 

16 

2.10 

439 

.11 

24 

L49 

312 

17 

1.14 

275 

.20 

47 

.75 

181 

18 

.74 

205 

.05 

14 

.37 

103 

19 

.41 

127 

.05 

16 

.14 

44 

20 

.21 

70 

.05 

11 

.06 

21 

21 

.06 

24 

.01 

4 

.06 

24 

22 
23 
24 
25 
26 
28 
30 
31 
34 

Total.. 

.07 
.03 
.01 
.04 
.01 

31 
15 

5 
23 

6 

.04 

18 

.01 

5 

.03 

16 

.01 
.01 

6 
7 

.01 
.01 
.01 

8 
9 
12 

33.62 

4,421 

11.68 

781 

172.46 

0,240 

BRUSH  DISPOSAL. 


The  object  of  brush  disposal  is  to  leave  the  cutover  area  in  the 
best  condition  to  insure  reproduction  and  to  protect  it  from  fire  and 
fungi.  Brush  left  scattered  haphazard  over  an  area  will  permit  of 
abundant  reproduction,  except  where  the  debris  is  especially  deep. 
Brush  piled  in  windrows  prevents  reproduction  upon  the  spaces  they 
cover,  though  reproduction  will  be  secured  in  the  spaces  between 
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Fw-  2.— A  Brush  Pile  Like  This  Will  Light  Easily  and  Burn  Clean  Under  25 
OR  30  Inches  of  Snow  Without  Damage  to  the  Remaining  Trees. 
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Fig.  1.— Clean  Cutting  of  Lodgepole  Pine  (Foreground)  with  Complete 
Utilization  to  about  2  Inches  in  the  Tops  for  Stulls,  Mine  Props,  Con- 
verter Poles,  and  Corowooo. 

Note  seed  strips  in  background. 


Fig.  2.— Complete  Utilization  of  Lodgepole  Pine  on  a  Clean-Cut  Area. 
Brush  pile  in  center  of  picture  is  12  feet  high.    Such  a  pile  can  be  burned  in  any  weather. 


Digiti 


zed  by  Google 


Bui.  234,  U.  S.  D»pt.  of  Agriculture.  PLATE  VII. 


FiQ.  1  .—Dense  Stand  of  Lodqepole  Pine,  about  1 20  Years  Old. 

Originally  with  1,052  green  trees  per  acre,  nearly  all  under  7  inches  in  diameter,  thinned 
by  the  removal  of  260  converter  poles  and  300  lagging  poles  per  acre.    The  thinning  is 

Srobablv  too  light  to  greatly  benefit  the  remaining  stand.     Heavy  thinning  brings 
anger  Irom  windfalls. 


Fkj.  2.-STAND  OF  Lodqepole  Pine,  about  1 20  Years  Old. 
Six  tboosand  five  hundred  green  trees  per  acre,  badly  in  need  of  thinning. 
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tiie  rows  from  the  seeds  from  cones  remaining  on  the  gromid.  The 
same  thing  is  true  of  brush  left  in  conical  piles.  To  secure  repro- 
duction, however,  it  is  not  necesstary  to  leave  brush  piles  on  the 
ground;  also,  such  a  course  is  seldom,  if  ever,  necessary  in  order  to 
prevent  erosion.  From  the  standpoint  of  fire  protection  it  is  desirable 
to  bum  the  brush  in  practically  every  case. 

Burning  brush  scattered  broadcast  exposes  the  mineral  soil.  With 
full  sunlight  and  the  opening  of  sealed  cones  on  the  ground,  a  fairly 
dense  stand  of  reproduction  will  be  obtained  in  such  cases,  although 
not  nearly  so  dense  as  that  which  comes  up  after  a  ground  fire  has 
killed  standing  timber,  since  in  the  latter  case  a  greater  amount  of 
seed  is  preserved  from  destruction  in  the  crowns  of  the  trees.  Burning 
an  entire  area  on  which  the  brush  has  been  piled  in  windrows  will 
result  in  a  moderately  dense  reproduction  between  the  rows,  but  no 
reproduction  in  the^  spaces  occupied  by  them.  When  conical  piles 
are  burned  the  spaces  occupied  do  not  immediately  come  up  to  young 
growth. 

The  forgoing  is  true  of  clean-cut  areas.  Where  a  part  of  ,the 
stand  is  left  the  chances  of  reproduction  are'still  better.  Piling  the 
brash  in  conical  piles  and  burning  it  does  the  least  damage  to  the 
remaining  green  trees  and  reproduction.  Moreover,  the  least  amount 
of  mineral  soil  is  exposed,  thus  avoiding  possible  over-dense  repro- 
duction following  seeding  from  above. 

Any  considerable  amoimt  of  brush  remaining  on  a  cut-over  area 
greatly  increases  the  fire  danger  in  the  remaining  stand  and  for  any 
reproduction  which  may  start.  Owing  to  the  very  slow  decay  of 
bneh  in  the  lodgepole-pine  region  the  fire  menace  continues  for  a 
long  time  if  the  brush  is  left  unbumed.  Timber  operators  familiar 
with  conditions  in  the  lodgepole-pine  region  say  that  it  costs  no 
more  to  pile  brush  for  burning  under  Forest  Service  regulations  than 
to  follow  the  old  method  of  piling  it  in  windrows,  provided  the  work 
is  well  done  at  the  outset.  When  the  brush  is  not  piled  properly  in 
the  first  place  it  becomes  necessary  to  repile  it,  which  naturally 
mcreases  the  cost.  Recently  timber  operators  on  the  Deerlodge 
National  Forest  have  been  required  to  bum  the  brush  as  the  cutting 
jHXKjeeds,  whenever  weather  conditions  make  it  safe  to  do  so.  This 
period  of  safety  covers  from  seven  to  nine  months  in  the  year.  Brush 
from  stull  trees  is  disposed  of  as  fast  as  the  cutting  proceeds  in  any 
depth  of  snow  encountered  in  the  region,  which  at  times  may  amount 
to  6  or  7  feet.  In  the  spring  when  the  snow  melts  the  ground  is 
found  to  be  practically  clean.  When  lading  poles  are  being  cut  in 
snow,  however,  it  is  not  practicable  to  bum  the  tops  after  the  snow 
acciunulates  to  a  depth  of  about  3  feet,  since  it  is  then  impossible  to 
carry  the  tops  to  the  central  fire.  Even  when  the  snow  is  less  than  3 
feet  deep  it  is  not  advisable  to  bum  where  less  than  100  poles  are  being 
obtained  in  one  place,  since  there  is  not  enough  brush  to  start  a  good 
-BuU.  234—15 3 
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fire.  Data  obtained  in  actual  woods  work  show  that  piling  brush  in 
winter  without  burning  it  costs  69  cents  per  thousand  board  feet. 
With  this  method,  however,  the  brush  must  always  be  replied  when 
the  snow  goes  off  in  the  spring.  Burning  as  the  cutting  proceeds 
costs  74  cents  per  thousand,  but  is  really  cheaper  than  the  other 
method  because  it  saves  the  cost  of  repiling  and  of  burning  the 
following  fall,  and  reduces  the  cost  of  skidding. 

In  summer  cutting,  brush  is  gathered  in  large  piles  on  the  clean-cut 
areas,  and  in  smaller  piles  in  the  selection  cuttings.  Even  in  the 
latter  case  the  piles  are  usually  made  at  least  5  or  6  feet  high,  with  a 
comparatively  narrow  base  to  permit  them  to  shed  rain  and  snow.  A 
small  brush  pile  can  only  be  lighted  in  the  fall  if  weather  conditions 
are  right.  In  the  fall  of  1911  the  first  snowfall  on  the  Deerlodge 
National  Forest  occurred  in  early  October,  covering  the  ground  to  a 
depth  of  from  25  to  30  inches,  and  making  it  quite  impossible  to  bum 
small  piles.  Piles  of  standard  size,  however,  were  lighted  without 
difficulty.  On  the  French  Gulch  sale  the  lighting  of  such  piles  under 
approximately  30  inches  of  snow  cost  about  6  cents  per  thousand  feet. 
Another  difficulty  with  small  piles  is  the  large  number  which  have  to 
be  lighted — a  circumstance  which  naturally  tends  to  increase  the  cost. 

At  one  time  it  was  the  practice  to  fork  into  the  fire  the  ends  of 
sticks  and  other  projecting  pieces  left  in  the  ring  at  the  outer  edge 
of  the  pile  after  the  fire  had  burned  down.  With  proper  piling, 
however,  only  a  smaU  amoxmt  of  such  material  should  remain — ^not 
enough  to  constitute  a  fire  menace.  For  this  reason  it  is  unneces- 
sary to  incur  the  comparatively  large  expense  of  having  a  second 
crew  follow  the  lighters  to  fork  in  the  unburned  ends.  In  selection 
cuttings,  large  pUes  of  brush  can  be  burned  within  from  5  to  6  feet 
of  green  trees,  provided  such  pUes  are  covered  with  a  good  depth 
of  snow.  If  there  is  room,  however,  pUes  are  always  built  at  a 
greater  distance  than  this  from  the  remaining  timber.  On  the  whole, 
it  has  been  found  that  fall  is  the  best  time  to  bum  brush,  though 
weather  conditions  in  the  spring  may  occasionally  be  favorable.  In 
the  spring  of  1912,  for  example,  about  600  acres  of  old  brush  on 
clean-cut  areas,  at  French  Gulch,  were  burned  at  a  cost  of  2  cents 
per  thousand  feet. 

On  the  Bighorn  National  Forest,  in  Wyoming,  where  selection 
cuttings  have  been  the  rule,  the  ideal  brush  pile  is  considered  to  be 
one  about  8  feet  in  diameter  at  the  base  and  about  5  feet  high.  The 
pUes  are  built  tepee  fashion,  with  the  larger  sticks  of  unmerchant- 
able material  stacked  up  around  the  outside.  With  a  cut  averaging 
6,700  board  feet  per  acre,  the  number  of  brush  piles  per  acre  aver- 
aged about  40.  In  1910  an  area  of  1,500  acres  was  burned  on  the 
Bighorn  Forest  at  a  cost  of  6.9  cents  per  thousand  feet;  the  next 
year  3,700  acres  were  burned  at  a  cost  of  3.8  cents  per  thousand; 
and  in  1911,  4,200  acres  were  handled  at  a  cost  of  3.6  cents  per 
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thousand.  The  cost  varied  with  the  number  of  brush  piles  per  acre 
and  the  depth  of  the  snow.  It  was  found  that  on  an  average  one 
man  could  in  one  day  bum  536  piles  under  8  inches  of  snow,  418 
under  10  inches  of  snow,  and  299  piles  under  12  inches  of  snow. 

REGULATING  THE  CUT. 

In  the  existing  unmanaged  stands  of  lodgepole  pine  the  arrange- 
ment of  age  classes  is  never  ideal,  and  a  long  series  of  carefully 
planned  cuttings  is  necessary  to  convert  the  irregular  forest  into  a 
r^ular  or  normal  one.  Certain  age  classes  usually  occupy  much 
more  than  their  share  of  the  ground,  while  one  or  more  classes  may 
be  entirely  lacking.  For  this  reason  the  first  cuttings  in  such  a 
stand  are,  as  a  rule,  based  primarily  on  volume  rather  than  on  area. 
An  estimate  is  made  of  the  actual  amount  of  growing  stock  on  the 
ground  and  also  of  the  probable  yield  during  certain  periods — ^usu- 
ally 10  years — throughout  the  length  of  the  rotation  by  the  various 
age  classes  represented.  With  these  figures  ad  a  basis,  it  is  possible 
to  fix  the  volume  which  can  be  cut  during  each  period  without 
exceeding  the  amount  of  wood  produced.  If,  through  the  presence 
of  large  bodies  of  mature  and  overmature  timber,  the  growing  stock 
is  greater  than  normal,  the  surplus  should  be  removed  by  cutting 
for  a  few  years  more  than  is  being  produced;  while,  if  through  the 
presence  of  large  bodies  of  younger  age  classes,  the  growing  stock  is 
less  than  normal,  the  deficiency  should  be  made  up  by  cutting  for  a 
time  less  than  is  being  produced. 

The  management  planned  for  the  timber  on  the  Bemice  division 
of  the  Deerlodge  National  Forest  furnishes  a  concrete  example  of 
the  method  of  regulating  the  annual  cut  during  the  course  of  the 
next  rotation.  Table  16,  which  is  based  on  figures  secured  by  an 
estimating  crew  which  gridironed  the  area  in  lines  at  intervals  of 
one-fourth  mile,  shows  the  different  classes  of  timbered  and  untim- 
bered  land  on  the  Bemice  division.  Table  17  shows  the  degree  of 
normality,  volume,  and  annual  increment  of  the  different  age  classes 
found  in  the  timbered  area  of  the  division,  and  Table  18  shows  the 
proposed  method  of  cutting  for  the  next  140  years. 

Table  17. — Classification  of  the  land  and  timberland  on  the  Bemice  division^  Deerlodge 

National  Forest ^  Mont. 


LAND. 

Area. 

Percent. 

TtailMriand> 

Acres. 

63,051 

12,563 

912 

674 

1,560 

80.0 

Oramlan^     

15.9 

Brash  land 

1.2 

Cultivated  land 

.9 

^^* *'"  '■■'■•■ 

2.0 

Total 

78,760 

100.0 



1  62,401  acres,  or  00.1  per  cent,  productive;  560  acres,  or  0.0  per  cent,  alpine. 
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Table  17  .—CUuHfication  of  the  land  and  Hmherland  on  the  Bemice  divincm,  Deetlcdgt 
National  Forest,  Mont. — Contmued. 

PRODUCTIVE  TIMBERLAND. 


Area 

and 

yield. 


Percent. 


Area. 


Peroant 


Merchantable 

Age  classes- 
Over  200  years. 
ieO-200  years... 
120-160  years. . . 


Total 

Tjrpes— 

Lodgepole  pine 

Douglas  flr 

Engelmann  spruce . 


Total 

Stand  by  species— 

Lodgepole  pine 

Douglas  flr 

Engelmann  spruce. 
Miscellaneous. 


Total  green. 
Dead 


Immature. 
Agec 

10  jrears. . 
20  years.. 
30  years.. 
40  years.. 
60  years.. 
60  years.. 
70  years.. 
80  years.. 
90  years.. 
100  years. 
110  years. 

Total.., 
Suppressed 


Total. 


Acres, 


474 
2,844 
14,443 


17,761 

16,080 

1,526 

155 


17,761 
1,000  b.f. 

74,584 
9,850 
7,051 
1,347 


92,831 
8,749 
Acres. 


1,670 
9,742 
5,511 
7,559 
1,412 
4,887 
1,928 
2,448 
2,092 
3,040 
896 


40,585 


2.7 
16.0 
81.3 


100.0 

90.6 
8.6 
0.8 


100.0 

80.4 
10.6 
7.5 
1.5 


100.0 


3.9 

24.0 

13.6 

18.6 

3.5 

12.0 

4.8 

6.0 

5.1 

7.5 

1.0 


100.0 


Acres. 
17,761 


40,585 


•4.9 


4,145 


6w« 


62,491 


IOOlO 


Table  18. — Real  and  normal  growing  stock  and  periodic  anntuil  increment  on  the  Bemice 
division f  Deerlodge  National  Forest  y  Mont. 


Age. 


Area. 


Normal- 
ity. 


Growing  stock. 


ReaL      Normal. 


Periodic  annual 
Increment. 


ReaL      Normal. 


Yield  at 
the  ace 
or  140 
years.! 


10  years 

20  years 

30  years 

40  years 

50  years 

60  years 

70  3rears 

80  years 

90  years 

100  years 

110  years 

Over  120  (average  age  130 
years): 

Merchantable 

Suppressed 


Acres. 
1,570 
9,742 
5,511 
7,559 
1,412 
4,887 
1,928 
2,448 
2,092 
3,040 
396 


17,761 
4,145 


0.67 
.60 
.73 
.66 
.67 
.49 
.40 
.30 
.20 
.20 
.20 


1,000 

cu.ft, 

95 

1,815 

2,293 

5,687 

1,731 

5,747 

2,267 

2,468 

1,582 

2,481 

342 


28,671 
1,890 


1,000 

CU.fU 
402 
1,205 
2,544 
5,089 
8,168 
10,  n3 
13,123 
14,998 
16,872 
18,211 
19,283 


61,062 


1,000 

cu./L 

9 

121 

121 

284 

65 

136 

42 

31 

18 

18 

2 


67 


1,000 

cu.fi. 

40 

80 

134 

254 

308 

254 

241 

187 

187 

184 

107 


147 


IMO 

bd7fL 

10,683 

106,478 

03,448 

78,990 

15,068 

38.080 

12,215 

11,638 

«,OSB 

0,6n 

1,2&4 


Total 62,491 


57,069 


171,670 


904 


2,073 


1  Normal  yield,  16,840  board  feet  at  140  years  on  sites  of  average  quality;  78.7  per  cent  of  area  overstoclDBd: 
20.5  per  cent  of  area  understocked;  <T.8  per  cent  of  area  normally  stocked. 
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Table  19. — Vohune  regulation  Jar  the  next  140  years  on  the  Bemice  divisUmy  Deerlodge 

National  Forest ,  Mont. 


Period. 

Stand 
matur- 
ing. 

Cutting 

each 
decade. 

Balance 
at  end  of 
decade. 

Preeent  (1910) 

i, 000  b.  ft. 
92,831 

IfiOOh.ft. 
20,000 

20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
70,000 
70,000 
70,000 
70,000 

IfiOOh.ft. 
72,831 

62,831 
61  601 

Decade  beghming— 

1920 

1930 

128,770 

1,254 

9,631 

6,628 

11,633 

12,215 

38,090 

15,058 

78,920 

63,448 

106,730 

16,678 

IMO 

42;  855 
32,486 
19,114 
10,747 

2,962 
21,052 
16,110 
25,030 
18,478 
55,208 

1,886 

1950 

I9(i0 

1970 

1980 

1980 ... 

2000 

2010 

2090 

2090 

2040 

Total 

481,886 

480,000 

1,886 

Avenge  annual  yield  for  rotation,  3,442  thousand  board  feet  for  the  division,  or  55  board  feet  per  acre 
of  productiye  tlmberland. 

1  Increment  taking  place  on  stands  now  merchantable,  but  which  will  not  all  be  cut  for  about  60  years 
(65  board  feet  per  acre  added  annually  on  17,701  acres  for  25  years).  Slxty-flve  board  feet  per  aore  per 
■mom  is  ^proxiDaately  the  average  increment  in  a  stand  0.6  normal  on  an  average  site  between  the  age 
ori20andiabyeara.     '  ^  -»  -b 

It  will  be  observed  (Table  17)  that  a  large  proportion  of  the  area 
is  taken  up  with  the  younger  age  classes,  due  partly  to  heavy  cuttings 
in  the  last  30  years.  On  the  whole,  however,  the  age  classes  are 
fairly  well  distributed  for  an.  unmanaged  forest.  It  will  also  be  seen 
(Table  18)  that  none  of  the  older  age  classes  have  a  high  normaUty. 
This  is  because  when  such  stands  include  over  2,000  board  feet  per 
acre  they  are  classed  with  the  merchantable  timber,  although  they 
may  be  actually  less  than  120  years  old.  The  method  of  volume 
regulation  (Table  19)  calls  for  a  moderate  cut  on  the  division  for  100 
years  and  a  much  heavier  one  for  the  last  40  years  of  the  rotation, 
without  reducing  the  annual  cut  at  any  time.  Such  a  regulation  is 
made  necessary  by  the  irregularity  in  the  distribution  of  age  classes. 
Other  divisions  of  the  Forest  have  a  siuplus  of  their  area  in  the  older 
age  classes,  so  that  the  annual  cut  for  the  entire  Forest  and  for  the 
whole  rotation  can  be  given  the  proper  degree  of  uniformity  only  by 
applying  the  regulation  to  groups  of  such  divisions  rather  than  to 
each  division  separately.  The  figures  showing  the  stand  maturing 
for  each  10-year  period  are  taken  directly  from  Table  18,  except  the 
figures  for  1930,  which  represent  the  approximate  growth  on  the 
mature  timber  originally  on  the  area.  The  figures  for  the  real 
growing  stock  (present  total  stand)  in  Table  18  were  obtained  by 
multiplying  the  normal  stand  per  acre  for  each  age  class,  as  given  in 
Table  9,  United  States  Department  of  Agriculture  Bulletin  154, 
**The  Life  History  of  Lodgepole  Pine  in  the  Rocky  Mountains,"  by 
the  average  normaUty  (which  gave  the  present  stand  per  acre)  and 
multiplying  this  result  by  the  actual  area  occupied  by  each  age  class. 
For  example,  the  normal  yield  on  average  sites  at  10  years  of  age  is 
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90  cubic  feet,  the  average  normality  of  the  10-year  age  class  is  0.67, 

and  the  actual  area  occupied  is  1,570  acres;  consequently,  the  real 

growmg    stock    is    90x0.67x1,570  =  94,671    cubic   feet.     The    real 

periodic  annual  increment  is  determined  by  multiplying  the  normal 

periodic  increment  per  acre,   as  given  in  Table  9,  United  States 

Department  of  Agriculture  Bulletin  154,  by  the  normality  and  by  the 

area  actually  occupied.     Thus,  for  the   10-year  age  class  the  real 

periodic  increment  is  9  X  0.67  X  1,570  =  9,467  cubic  feet. 

The  normal  growing  stock  is  based  on  the  assumption  that  the 

forest  will  be  managed  on  a  140-year  rotation,  and  that  in  a  normal 

forest  each  age  class  should  have  the  same  area.     This  normal  area 

is  found  by  dividing  the  total  area  by  the  number  of  age  classes. 

62491 
Thus:  — r^  =  4,463.6  acres.     The  normal  growing  stock  on  this  area 

is  then  found  by  multiplying  the  normal  yield  at  any  given  age  (as  given 
in  Table  9,  United  States  Department  of  Agriculture  Bulletin  154)  by 
the  normal  area.  For  example,  the  normal  yield  at  10  years  of  age 
is  90  cubic  feet  and  the  normal  area  of  a  10-year  age  class  is  4,463.6 
acres ;  consequently,  the  normal  growing  stock  is  90  X  4,463.6  =  401 ,724 
cubic  feet.  Similarly,  the  normal  periodic  annual  increment  is  the 
normal  increment  per  acre  (as  given  in  Table  9,  United  States  Depart- 
ment of  Agriculture  Bulletin  154)  multipUed  by  the  normal  area. 

The  fact  that  all  ages  of  merchantable  timber  were  lumped  together 
in  the  estimates  and  that,  as  already  stated,  any  stand  running  2,000 
or  more  board  feet  per  acre  was  considered  merchantable,  necessarily 
results  in  a  comparatively  large  area  and  growing  stock  being  assigned 
to  the  120  to  160  age  classes  and  a  correspondingly  small  area  and 
low  normality  to  the  age  classes  just  imder  120  years.  For  this 
reason  the  figures  for  volume  increase  tend  to  be  conservative.  Other 
reasons  why  these  figures  are  conservative  are  that  no  considera- 
tion is  given  to  the  effect  of  future  thinnings  in  young  stands,  to 
reproduction  in  old  stands,  or  to  increased  growth  resulting  from 
selection  cutting.  Moreover,  certain  areas  less  than  0.3  normal  are 
classed  as  grassland,  although  they  bear  an  open  stand  of  timber 
which  will  actually  figure  in  the  final  yield.  Also,  rather  open  stands 
of  low  normaUty  will  become  better  stocked  through  the  filling  in  of 
blanks.  On  the  other  hand,  there  will  undoubtedly  be  some  losses 
from  fire  and  other  causes. 

It  will  be  noticed  that  the  scheme  of  regulation  is  presented  as 
though  the  area  would  be  managed  under  a  clear-cutting  sj^tem, 
though  actually  the  cutting  will  be  done  largely  imder  a  selection 
system.  The  reason  for  this  is  that  it  is  possible  to  figure  much  more 
readily  for  a  clear-cutting  than  for  a  selection  system,  while,  in 
any  event,  the  main  object  is  to  obtain  a  fairly  conservative  estimate 
of  the  probable  volume  production,  which  is  likely  to  be  as  great 
imder  the  selection  system  as  another. 
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"V^thin  the  25  National  Forests  in  which  lodgepole  pine  is  the  most 
important  species  the  lodgepole-pine  type  has  an  estimated  area  of 
about  9,000,000  acres.  The  figures  for  the  Deerlodge  National  Forest 
show  an  average  annual  increment  of  about  55  board  feet.  Assuming 
that  the  lodgepole-pine  forests  throughout  the  region  are  producing 
50  board  feet  per  acre  per  annum,  450,000,000  board  feet  could  and 
should  be  cut  annually,  together  with  a  very  large  amount  of  material 
from  tops,  small  trees,  and  thinnings  too  small  to  scale.  To  this 
amount  can  be  added  about  300,000,000  board  feet  produced  on  the 
6,000,000  acres  of  lodgepole-pine  type  in  the  45  National  Forests 
where  the  species  is  of  commercial  but  not  of  primary  importance. 
The  grand  total  of  750,000,000  board  feet  is  approximately  9  times 
the  amount  of  lodgepole  pine  now  being  cut  each  year. 

BEFORESTATION. 

Repeated  fires  have  left  considerable  areas  within  the  lodgepole- 
pine  zone  practically  barren  of  forest  growth.  Natural  reproduction 
can  not  be  expected  on  such  areas  for  many  years,  and  it  will  be 
necessary  to  reforest  them  artificially  if  they  are  to  return  to  useful- 
aess  within  a  reasonable  length  of  time.  Where  the  main  object  is 
watershed  protection,  reforestation  work  should  be  confined  chiefly 
to  the  higher  altitudes  toward  the  upper  limit  of  the  lodgepole-pine 
zone,  where  the  forest  cover  has  the  greatest  protective  value.  Where 
the  chief  object  is  timber  production,  the  best  results  will  be  obtained 
on  the  better  soils  near  the  central  part  of  the  lodgepole-pine  zone 
where  the  annual  precipitation  is  21  inches  or  more.  A  certain 
amount  of  artificial  reforestation  will  also  probably  be  used  in  the 
future  to  supplement  natural  reproduction  after  cuttings. 

SEED  COLLECTION  AND   EXTRACTION. 

The  fact  tiiat  lodgepole  pine  bears  some  cones  practicaDy  every 
yew  and  a  heavy  crop  every  two  or  three  years  insures  a  continuous 
and  plentiful  seed  supply.  The  cones  may  be  picked  either  from 
fdled  or  from  standing  trees,  or  gathered  from  squirrel  hoards. 
Experience,  however,  has  shown  the  last  method  to  be  the  only  one 
by  which  collecting  can  be  done  on  a  large  scale  at  low  cost.  Cone 
collection  from  squirrel  hoards  is  carried  on  in  the  fall,  usually  during 
September  and  October,  when  the  caches  are  full  and  easily  located 
in  the  woods.  As  much  as  15  bushels  of  cones  have  been  foxmd  in 
a  single  cache.  Cones  can  usually  be  bought  at  contract  prices  per 
bushel  from  local  residents  who  do  the  collecting.  As  a  rule,  one 
man  collects  from  3  to  6  bushels  per  day,  the  nimiber  of  cones  per 
bushel  ranging  from  about  1,600  to  2,200.  In  good  years  it  shoidd  be 
possible  to  purchase  cones  for  from  30  to  40  cents  per  bushel,  or  in 
exceptionally  favorable  years  for  even  less.  The  total  cost  of  cones 
at  the  extraction  plant  shoidd  not  exceed  50  cents  per  bushel. 
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Lodgepole-pine  seed  is  hard  to  extract  from  the  cones,  and  a  drying 
temperature  of  from  140^  to  150^  F.  is  necessary  before  the  latter  will 
open  satisfactorily.  Diu'ing  the  process  of  drying  there  must,  of 
course,  be  enough  air  circulation  to  remove  the  moisture  given  oflf  by 
the  cones.  Where  only  a  few  hundred  bushels  of  cones  are  to  be  han- 
dled, any  small  room,  provided  it  can  be  made  tight,  will  serve  as  a 
dry  kiln.  Trays  with  wire-mesh  bottoms,  on  which  the  cones  are 
spread  in  a  single  layer,  should  be  arranged  in  tiers,  so  as  fully  to  utilize 
the  available  space.  Eight  hours  of  drying  at  a  temperature  of  from 
140°  to  150°  should  open  the  cones  to  the  extent  necessary.  Hourly 
thermometer  readings  should  be  taken,  in  order  to  insure  that  the 
proper  temperature  is  maintained.  One  higher  than  150°  may 
injure  the  seed,  while  one  lower  than  140°  will  not  open  the  cones. 
Provision  must  also  be  made  for  removing  the  moist  air  from  the 
kiln.  The  latter  should  be  run  continuously  day  and  night,  since 
if  it  is  operated  intermittently  the  cost  of  extraction  will  be  increased. 
Wherever  the  cones  can  be  stored  in  bins  with  a  free  circidation  of 
air,  it  is  usually  best  to  defer  seed  extraction  until  late  in  the  winter. 
After  two  or  three  months  in  such  bins  the  cones  will  have  lost  a 
large  percentage  of  moisture  merely  through  natural  air  drying. 

After  the  cones  have  been  opened  in  the  drying  kiln  they  must  be 
shaken  or  thrashed  out  in  order  to  extract  the  seed.  This  is  done  by 
means  of  a  cone  shaker,  which  consists  merely  of  a  revolving  box  or 
drum  with  a  wire  covering,  through  which  the  extracted  seeds  fall  to 
the  ground.  The  wings  can  then  be  removed  by  sacking  the  seed 
loosely  and  giving  it  a  vigorous  kneading.  Where  a  large  quantity 
of  seed  is  handled  a  cheaper  method  is  to  moisten  it  slightly  and  rub 
it  through  a  wire  screen  with  an  ordinary  scrubbing  brush.  After 
being  freed  of  their  wings  the  seeds  are  dried  again.  The  cleaning  of 
the  seed  is  finally  completed  either  by  winnowing  it  or  by  running  it 
through  a  fanning  mill  fitted  with  screens  of  proper  mesh  in  order  to 
remove  all  foreign  matter,  such  as  pine  needles,  cone  scales,  broken 
wings,  and  dirt. 

It  is  usually  cheaper  to  extract  and  clean  seed  in  the  immediate 
vicinity  of  the  area  where  the  cones  are  gathered  than  to  transport 
quantities  of  the  bulky  cones  to  a  central  seed-extraction  plant. 
When  seed  is  to  be  cleaned  regularly  in  large  quantities,  however, 
specially  constructed  drying  kilns  are  best  and  cheapest  in  the  long 
run.  A  number  of  such  permanent  seed-extraction  plants  have  been 
constructed  on  the  National  Forests.  These  include  several  small 
plants,  with  a  capacity  of  about  90  bushels  of  cones  per  24-hour 
running,  and  one  large  plant  capable  of  handling  about  200  bushels 
in  24  hours.  In  the  latter,  located  on  the  Medicine  Bow  National 
Forest,  a  hot-air  blast  is  forced  through  a  large,  slowly  revolving 
cylinder,  so  that  the  cones  are  dried  and  the  seed  extracted  at  the 
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same  time.  The  wings  are  removed  and  the  seed  cleaned  by  machin- 
ery. All  the  plants  are  located  in  extensive  longepole-pine  forests, 
where  a  large  supply  of  cheap  cones  is  constantly  available. 

The  cost  of  extraction  varies  with  the  quantity  of  seed  handled, 
the  abundance  of  the  cone  crop,  and  the  efficiency  of  the  methods 
used.  In  1911  the  total  cost  of  cleaned  seed  on  the  Arapaho  and 
Medicine  Bow  National  Forests,  the  two  Forests  which  handle  the 
largest  amoimts,  was  $1.98  and  $2.28  per  pound,  respectively,  against 
$3.82  and  $4.27  per  poimd,  respectively,  in  1910.  In  1912  the  cost 
of  cleaned  seed  on  these  Forests  amounted,  respectively,  to  $1.80  and 
$2  per  pound.  In  the  three  States  of  Colorado,  Wyoming,  and  Mon- 
tana 2,560  pounds  of  lodgepole-pine  seed  were  cleaned  in  1910,  at  an 
average  cost  of  $4.94  per  pound,  and  3,350  pounds  in  1911,  at  an 
average  cost  of  $2.76  per  pound.  This  decrease  in  average  cost  was 
due  laj^y  to  the  concentration  of  the  collecting  work  in  a  few  places. 
With  improved  methods  of  collecting,  extracting,  and  cleaning  lodge- 
pole-pine seed  can  probably  be  obtained  in  the  future  for  less  than 
$2  per  x>ound. 

Table  20. — ResuJU  6/  germination  tests  on  lodgepole-pine  seed  collected  from  National 
Forests  in  the  Rocky  Mountains. 


Ctanniziatkm. 

Real 
value 
(number 
of  fertile 
seed  per 
pound).! 

National  Forest. 

Germination. 

Real 
value 

KatlonalPonst. 

Number 
of  days. 

Peroent. 

Niunber 
of  days. 

Percent. 

(number 
of  fertile 
seed  per 
pound).! 

CoOeeted  1910: 

MtAjCnas 

Qnimison 

LeBdiriDe 

Sbosfaone 

Arapaho 

BoiUMyfllo  .... 

94 
90 

go 

89 
86 
44 

25 
27 
27 
27 
27 
27 
27 
27 
27 
27 

80.6 
71.5 
76.5 
78.0 
67.0 
33.5 

66  JO 
74.6 
36.8 
82.2 
24.6 
43.8 
76.6 
66.6 
24.2 
68.8 

98,700 
66,000 
81,700 
68,000 
65,700 
33,100 

51,522 
66,793 
17,644 
49,887 
21,981 
43,536 
71,661 
63,404 
23,365 
56,485 

Collected  1911-Con. 
Shoshone 

CoUected  1912: 

Wyoming 

AraMho 

27 
27 

43 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

55.2 
48.6 

23.5 
61.4 
52.0 
55.2 
55.4 
52.8 
65.6 
58.4 
61.0 
67.4 
71.6 
59.2 
68.0 

50,849 
41,030 

16,920 
63,920 
46,040 

GoOectedmi: 

Wyoming 

Arapaho 

Hayden 

LoadTille 

Ifedidne  Bow. 

Roott 

Leadville 

Medicine  Bow. 

55,970 
57,759 
59,084 
68,100 
61,600 
66,200 

67,200 
54,560 
47,250 

1  Obtataied  by  multiplying  the  total  number  of  seed  per  pound  by  the  germination  per  cent. 

Lodgepole-pine  seed  collected  in  different  localities,  imder  different 
conditions,  shows  wide  variation  in  its  capacity  to  germinate,  as 
ahown  in  Table  19.  For  this  reason  every  lot  of  seed  before  being 
used  in  the  field  or  in  the  nursery  should  be  tested  to  determine  the 
number  of  fertile  seed  per  pound.  The  seed  collected  in  1911  was 
tested  only  for  a  period  of  27  days,  since  experiments  had  shown  that 
by  far  the  greater  amount  of  germination  occurred  within  this  time.* 

>  Tbe  gemUnatiao  per  cent  obtained  from  a  limited  test  of  this  sort  is  often  caUed  ''germination  energy,' ' 
ttdistkignished  from  "germinative  capacity,"  the  latter  being  the  germination  per  cent  secured  when  the 
kait  ii  aHoired  to  nm  for  a  mudi  longer  period. 
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A  test  limited  to  a  certain  number  of  days  is  not  only  much  cheaper 
than  a  longer  one,  but  gives  figures  of  more  practical  value  in  actual 
sowing  operations  either  in  the  nursery  or  in  the  field.  This  is  because 
the  figures  for  short  tests  are  based  on  the  behavior  of  the  more  vig- 
orous, active  seeds,  which  may  be  counted  on  to  germinate  early  under 
soil  conditions  perhaps  not  favorable  enough  to  induce  germination 
of  the  more  sluggish  seeds  in  any  reasonable  period  of  time. 

DIRECT   SEEDING. 

Direct  seeding  is  the  simplest  method  of  reforestation,  and  can  be 
used  wherever  conditions  are  such  as  to  make  it  practicable.  It  is 
far  less  certain  of  success  than  planting,  however,  and  should  be  used 
only  on  the  most  favorable  sites.  Good  germination  is  often  diffi- 
cult to  secure,  and  there  is  always  the  likelihood  that  the  seed  will  be 
eaten  by  rodents.  Moreover,  the  young  seedlings  which  come  up  are 
exposed  to  damage  from  drought  during  the  first  grooving  season  and 
to  winterkilling  during  the  first  winter.  Areas  best  adapted  to  direct 
seeding  with  lodgepole  pine  are  those  where  a  large  proportion  of 
the  mineral  soil  is  exposed.  This  condition  is  seldom  found,  how- 
ever, outside  of  burns  not  more  than  2  or  3  years  old.  As  a  general 
thing,  areas  in  need  of  reforestation  bear  a  more  or  less  heavy  covering 
of  grass,  herbs,  and  shrubs.  Such  a  cover,  particularly  when  it  takes 
the  form  of  a  dense  sod,  is  a  serious  obstacle  to  direct  seeding,  since  it 
prevents  seeds  from  reaching  the  mineral  soU,  and  after  germination 
competes  with  the  seedlings  for  the  available  moisture.  The  shade 
cast  by  a  light  covering  of  shrubs  or  trees,  on  the  other  hand,  may 
be  beneficial  to  young  lodgepole-pine  seedlings  by  preventing  the  sur- 
face soil  from  drying  out.  An  open  stand  of  aspen  affords  an  excel- 
lent shelter,  provided  it  is  not  so  dense  as  to  interfere  with  the 
thrifty  development  of  the  seedlings  after  their  establishment.  The 
less  favorable  the  moisture  conditions,  the  greater,  of  course,  is  the 
need  for  some  sort  of  ground  cover. 

The  season  for  sowing,  while  of  less  importance  than  either  the 
site  or  the  method,  nevertheless  has  considerable  influence  on  the 
result.  The  seed  should  be  sown  at  a  time  to  insure  that  the  maxi- 
mum amount  of  moisture  will  be  available  for  the  young  seedlings 
immediately  upon  their  appearance.  At  the  lower  and  drier  alti- 
tudes the  best  time  for  sowing  is  either  in  the  fall  (September  or 
October)  or  in  the  winter  on  the  snow.  At  the  higher  altitudes  the 
best  time  is  either  in  the  winter  or  in  late  spring  or  early  sunmier 
(May  or  early  June).  Experiments  by  the  Forest  Service  covering 
•  a  wide  range  of  methods  indicate  the  best  to  be  seeding  in  prepared 
spots  and  broadcasting  on  snow.  The  spots  are  usually  spaced  from 
4  to  6  feet  apart  each  way,  requiring  from  one-half  to  1  pound  of 
seed  per  acre.    Broadcastiog  on  snow  is  practicable  only  on  very 
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recent  bums  or  on  other  areas  where  the  seed  can  easily  reach  the 
mineral  soil.  In  such  cases,  sowing  should  be  done  in  late  winter  or 
early  spring,  when  the  siuface  of  the  snow  is  thawing  and  the  seed 
will  sink  in,  and  preferably  at  a  time  when  there  is  a  likelihood  of 
another  fall  of  snow.  When  the  snow  finally  leaves  the  area,  the 
seed  is  washed  into  the  soil,  and  conditions  are  favorable  for  early 
germination.  The  seed  is  usually  broadcasted  at  the  rate  of  two 
fertile  seeds  per  square  foot,  equivalent  to  from  2  to  3  poimds  of  seed 
per  acr6. 

Every  area  broadcasted  with  seed  must  be  protected  from  rodents, 
such  as  squirrels  and  field  mice,  until  after  the  seed  has  germinated. 
Many  of  the  early  failures  in  reforestation  were  due  to  the  depreda- 
tions of  smaU  rodents  that  devoured  the  seed  as  quickly  as  it  was 
sown.  For  this  reason  every  seeded  area  shoidd  be  poisoned  as  a 
measure  of  protection.*  This  should  be  done  several  weeks  before 
the  seed  is  sown,  and  preferably  again  after  it  is  in  the  ground.  The 
seeded  areas  should  also  be  protected  against  the  grazing  of  live- 
stock, and,  after  the  small  seedlings  appear,  against  fire. 

In  1910,  630  acres  in  the  three  States  of  Colorado,  Wyoming,  and 
Montana  were  reforested  to  lodgepole  pine  by  direct  seeding,  at  an 
average  cost  of  $10.77  per  acre.  In  1911,  640  acres  in  these  States 
were  seeded  at  an  average  cost  -of  $8.68  per  acre.  These  costs  are 
abnormally  high,  since  much  of  the  work  was  experimental,  and  in 
many  cases  unnecessarily  large  amounts  of  seed  were  used.  Under 
ordinary  conditions  it  should  be  possible  to  carry  on  direct  seeding 
by  the  two  methods  described  within  the  following  limits  of  cost: 


Cost  per  acre. 


Seed  spots. 


Broadcasting. 


flwd  (at  82  per  pound). 

Seed  sowing. 

Pnfcwning  rodents 

Total 


$1.00  to  12.00 

2.50        4.50 

.10  .15 


$4. 00  to  16. 00 
.25  .76 

.10  15 


3.60        6.65 


4.35        6.90 


Where  the  area  to  be  seeded  is  very  rough  and  steep,  or  is  covered 
with  fallen  timber  or  bowlders,  the  maximum  costs  just  given  may 
sometimes  be  exceeded.  In  many  cases,  also,  it  will  be  necessary  to 
reseed  certain  portions  of  the  area  in  order  to  secure  a  satisfactory 
stand.  Fail  spots  should  not  be  reseeded,  however,  until  two  or 
three  years  after  the  first  sowing,  since  a  portion  of  the  original  seed 
often  lies  over  for  a  year  before  germination. 

1  Information  regarding  the  best  methods  of  poisoning  rodents  is  contained  in  Forest  Service  Bulletin 
K,  "B«forestation  on  the  National  Forests";  Bureau  of  the  Biological  Survey  Circular  78,  ''Seed  Eating 
Mammaht  in  Relation  to  Refca-estatlon  " ;  and  Farmers'  BuUetin  484 , "  Some  Common  Mammals  of  Western 
b  in  Relation  to  Agriculture  and  Spotted  Fever." 
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Table  21  shows  the  result  of  du^ect  seedmg  on  some  of  the  National 
forests  in  Colorado  and  Montana.  It  will  be  seen  that  in  the  former 
State  the  direct  seeding  of  lodgepole  pine  has  been  attended  with  a 
fair  degree  of  success,  while  in  the  latter  it  has  been  practically  a 
total  failure.  It  is  not  easy  to  account  for  this  difference,  though  it 
seems  that  the  greater  rainf aU  of  CJolorado  has  had  its  effect.  Though 
enough  reforestation  work  has  not  yet  been  done  to  demonstrate 
conclusively  the  possibilities  of  direct  seeding,  it  seetos  certain  that 
m  Montana  a  more  satisfactory  stand  can  be  secured  at  less  cost  by 
setting  out  plants  raised  in  a  niu^ery  than  by  sowing  seed  directly 
on  the  site,  while  in  Colorado,  on  the  other  hand,  direct  seeding 
should  give  the  best  results,  provided  conditions  are  favorable. 
Under  adverse  conditions,  of  course,  reforestation  by  direct  seeding 
can  not  be  expected  to  prove  successful  even  in  Colorado. 

PLANTING. 

While  comparatively  little  lodgepole  pine  has  been  planted,  the 
experiments  conducted  by  the  Forest  Service  prove  pretty  conclu- 
sively that  this  method  of  reforestation  will  be  successful..  If  grown 
on  a  large  scale,  3-year-old  transplants  can  be  raised  at  a  cost  of  from 
13  to  $5  per  thousand.  Field  planting  at  the  rate  of  1,000  to  the 
acre  costs  from  $6  to  $8  per  thousand,  making  the  total  cost  per  acre 
from  $9  to  $13.  This  is  considerably  more  than  the  cost  of  direct 
seeding  where  the  latter  is  successful  the  first  time,  yet  so  few  sites 
are  fitted  for  seeding  that  planting  will  in  most  places  cost  less  in 
the  long  run.  If  the  ground  has  to  be  seeded  several  times  to  obtain 
a  satisfactory  stand,  planting  will  have  a  great  advantage  in  cost. 

One  obstacle  to  artificial  reforestation  with  lodgepole  pine  is  the 
tree's  slow  rate  of  growth.  This  means  that  interest  charges  on  the 
original  investment  must  be  carried  for  a  long  time,  and  tdso  that 
yield  is  comparatively  small.  Lodgepole  pine  will  yield  about 
10,900  board  feet  of  timber  per  acre  in  100  years,  worth  $4  per  thou- 
sand. With  a  cost  for  planting  of  $9  per  acre  and  s  charge  of  5 
cents  per  acre  per  year  for  fire  protection,  a  planted  stand  of  lodge- 
pole pine  will  yield  only  li  per  cent  on  the  money  invested.  Western 
white  pine,  on  the  other  hand,  with  a  cost  for  planting  of  $7  per  acre 
and  a  charge  of  10  cents  per  acre  per  year,  yields  75,000  board  feet 
per  acre  in  100  years,  worth  $5  per  thousand,  or  a  return  of  6i  per 
cent  on  the  money  invested.  With  the  rotation  of  140  years  which 
would  ordinarily  be  required  for  lodgepole  pine,  the  comparison 
would  be  still  more  unfavorable  to  it.  Lodgepole  pine  will  hardly 
be  planted  on  a  large  scale  imtil  large  areas  of  more  productive 
sites  have  been  reported. 

Where  it  is  desired  to  reestablish  the  forests  over  a  large  area  at 
the  lowest  cost,  small  groups  of  6  or  6  trees  may  be  planted,  the 
groups  40  or  60  feet  apart.  Such  groups  could  be  counted  on  to 
begin  the  reseeding  of  the  remainder  of  the  area  as  soon  as  the  trees 
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become  old  enough  to  bear  fertile  seed,  usually  in  15  or  20  years. 
Planting  by  this  method  would  require  from  125  to  150  seedlings  per 
acre,  and  should  cost  about  $2. 

PROTECTION. 

FIRE. 

Although  fire  is  the  principal  agent  in  aiding  lodgepole  pine  to 
maintain  its  existence  in  many  places,  it  is  also  the  most  destructive 
agent  in  mature  lodgepole-pine  stands.  Besides  the  active  measures 
taken  to  prevent  and  extinguish  fires,  such  as  lookout  stations, 
telephone  lines,  roads  and  trails,  patrol,  and  the  like,  certain  coor- 
dinate lines  of  forest  work  may  be  handled  in  a  manner  to  insxire 
that  the  fire  danger  will  be  kept  at  the  minimum.  The  most  impor- 
tant of  these  in  the  case  of  lodgepole  pine  is  the  grazing  of  live  stock, 
particularly  sheep.  In  the  lodgepole-pine  region  fire  almost  inva- 
riably spreads  by  means  of  grass  and  weeds.  A  grass  fire  travels 
very  rapidly  and  soon  spreads  over  large  areas.  The  grass  of  the 
lodgepole-pine  region  becomes  sun-cured  early  in  July  and  dries 
very  rapidly  after  summer  showers  which  dampen  other  inflammable 
material  for  several  days.  Thorough  grazing  on  the  dangerous  areas 
by  sheep  would  dispose  of  most  of  the  inflammable  material.  Old 
grass  left  over  from  the  previous  year  is  particularly  inflammable 
and  makes  a  very  hot  fire.  Particularly  heavy  grazing  along  trails, 
secondary  ridge  tops,  and  certain  section  lines  would  be  a  means  of 
securing  fire  lines  at  frequent  intervals.  When  grazing  in  the  timber 
sheep  trample  and  wear  out  the  down  litter  and  other  dfibris,  greatly 
hastening  its  decay. 

In  addition  to  the  grass  which  grows  in  and  near  the  timber,  pine 
needles  and  other  debris  form  an  inflammable  ground  cover.  A  fire 
in  needles  alone  travels  slowly  and  is  easily  controlled.  Where, 
however,  there  is  also  a  considerable  amount  of  d6bri3,  such  as  old 
tops  and  down  timber  under  dense  young  stands,  the  heat  from  below 
sometimes  starts  crown  fires,  though  this  is  rare  in  lodgepole  pine. 
Fires  on  cut-over  areas  where  the  brush  has  been  piled  and  burned 
are  easy  to  control.  Where  the  brush  has  been  well  piled  and  not 
burned  there  is  danger  of  a  hot  fire  which  will  kill  many  green  trees 
near  the  piles.  Such  a  fire  is  harder  to  handle,  of  course,  than  one  on 
a  cleaned-up  area,  but  it  is  by  no  means  as  hard  to  handle  as  one  on 
an  area  where  the  slash  is  left  in  windrows  or  scattered  over  the 
ground.  Roads  and  skidding  trails  constructed  in  connection  with  cut- 
tings and  thinnings  will  act  as  fire  breaks.  Much  less  d6bris  is  likely 
to  accumulate  in  the  well-spaced,  moderately  open  stands  which 
come  up  after  cutting  than  in  the  over-dense  stands  resulting  from 
fire.  By  the  time  the  lodgepole-pine  r^on  has  been  cut  over  once 
imder  Forest  Service  regulations,  with  the  proper  amount  of  grazing, 
the  fire  danger  will  have  been  very  much  reduced,  even  though  no 
further  advance  is  made  in  other  means  of  prevention  and  controL 
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Much  can  be  done  to  prevent  serious  insect  damage  in  lodgepole- 
pine  stajids  merely  by  keeping  the  forests  in  the  best  silvicultural  con- 
dition. The  removal  of  over-mature  and  unhealthy  trees  and  the 
thinnfng  of  overstocked  stands  will  leave  the  more  thrifty  timber,  the 
kind  best  able  to  resist  insect  attacks.  When  an  outbreak  does  occur, 
measures  of  control  should  be  taken  promptly,  since  an  insect  infec- 
tion can  be  dealt  with  most  effectively  and  with  least  cost  in  its  incipi- 
wicy.  Whenever  possible  the  bark  should  be  removed  from  attacked 
trees.  This  may  be  done  either  after  the  trees  are  felled  or  while 
they  are  still  standing,  provided  the  infested  parts  can  be  reached 
from  the  ground.  Infested  trees  can  frequently  be  sold  or  given 
away  imder  free  use,  or  used  for  administrative  purposes,  although 
in  some  cases  it  may  be  necessary  to  treat  them  without  any  prospect 
of  their  immediate  utilization. 

Where  an  insect  attack  is  widespread,  a  specially  organized  cam- 
paign may  be  necessary.  When  the  moimtain  pine  beetle  (Den- 
drodanus  moniicolse)  attacked  the  lodgepole  pine  in  the  Bighole 
Basin  in  the  Deerlodge  and  Beaverhead  National  Forests  in  Mon- 
tana, in  1912,  2,426  trees  were  treated  in  late  June  and  in  early  July, 
of  which  25  per  cent,  averaging  13  inches  in  diameter,  were  felled 
and  peeled  for  a  distance  of  about  24  feet  from  the  stump.  The  cost 
of  this  work,  including  brush  disposal,  amounted  to  about  $1.75  per 
tree.  The  remainder  of  the  trees,  averaging  11  inches  in  diameter, 
were  peeled  as  they  stood  to  a  height  of  about  8  feet  from  the  ground, 
at  a  cost  of  39  cents  per  tree.  Trees  as  small  as  6  inches  in  diameter 
were  infested,  but  no  trees  less  than  8  inches  in  diameter  were  treated. 
The  costs  in  this  case  were  excessively  high,  owing  to  the  very  short 
time  in  which  the  work  could  be  done,  the  lack  of  suitable  tools,  and 
to  several  changes  in  plan.  In  1913,  during  the  45  days  following 
May  21,  a  total  of  23,393  trees,  averaging  12  inches  in  diameter  and 
standing  on  an  area  of  60,000  acres,  were  peeled  as  they  stood  to  an 
average  height  of  12  feet,  at  an  average  cost  of  33  J  cents  per  tree.  The 
aim  of  this  work  was  not  to  destroy  the  insects  entirely,  but  to  reduce 
their  numbers  to  a  point  where  their  natural  enemies,  such  as  birds 
and  parasites,  would  be  able  to  keep  them  imder  control.  It  is 
believed  that  this  has  been  accomplished.  The  total  cost  of  the 
work  during  the  two  seasons  was  $9,540.67.  This  expenditure  has 
rendered  safe  for  the  present  an  overmature  stand  which  will  almost 
surely  bring  a  stumpage  price  of  over  $1,000,000  within  the  next  20 
years,  provided  the  timber  is  kept  green.  During  1913,  in  the  course 
of  a  similar  control  project  in  lodgepole  and  yellow  pine  on  the 
Ochoco  National  Forest  in  Oregon,  12,873  trees  were  treated  at  an 
aven^  cost  of  50  cents  each,  on  an  area  of  about  12,000  acres.  In 
this  case  the  tirees  were  felled  and  peeled,  and  the  bark  burned. 
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DISEASES. 

Little  can  be  done  to  protect  the  lodgepole-pine  forests  from  fungi 
and  mistletoe,  except  to  remove  whenever  practicable  all  jdiseased 
trees  and  to  keep  cut-over  areas  free  from  debris.  Partly  mer- 
chantable trees  attacked  with  rot  should  be  felled  and  the  sound  por- 
tions utilized.  All  infected  trees,  however,  whether  merchantable 
or  not,  should  be  felled,  if  possible,  as  a  measure  of  protection  to  the 
remaining  stand. 

GRAZING. 

The  grazing  of  live  stock  is  usually  helpful  in  a  lodgepole-pine 
stand  as  a  means  of  reducing  the  fire  danger.  On  recently  cut-over 
areas,  however,  sheep  grazing  should  be  carefully  r^ulated,  it 
allowed  at  all,  until  reproduction  is  well  established.  Where  an 
imusually  heavy  sod  is  an  obstacle  to  reproduction,  heavy  grazing  by 
sheep  may  be  a  means  of  exposing  the  mineral  soil. 

SUMMARY. 

Lodgepole  pine  is  the  most  important  commercial  species  over  a 
large  part  of  the  Rocky  Moimtains.  It  is  already  used  for  railroad 
ties,  mine  timbers,  and  fence  posts,  and  in  the  future  will  no  doubt 
be  extensively  employed  for  telephone  poles  and  rough  lumber.  In 
addition  to  their  commercial  value,  the  lodgepole-pine  forests  are  of 
great  importance  as  a  protective  cover  on  the  watersheds. 

Overmature  stands  of  lodgepole  pine  should  be  cut  practically 
clean.  Mature  stands  should  be  cut  under  the  group  selection  system 
in  order  to  prevent  an  overproduction  of  small  material  and  to 
secure  increased  growth  of  the  smaller  trees  left.  In  marking  \mder 
this  system,  the  aim  should  always  be  to  insure  against  excessive 
windfall.  Overdense  young  stands  should  be  thinned  whenever 
practicable.  As  a  general  thing,  no  special  measures  need  be  taken 
to  secure  reproduction.  All  brush  on  timber-sale  areas  should  be 
piled  and  burned.  Where  artificial  reforestation  is  necessary,  plant- 
ing will  usually  be  the  most  satisfactory  method,  though  direct  seed- 
ing may  give  satisfactory  results  on  exceptionally  favorable  sites. 
Protection  from  fire  is  the  first  step  in  systematic  forest  management. 


Digiti 


zed  by  Google 


APPENDIX. 


VOLUME  TABLES. 


Table  22  shows  the  contents  in  board  feet  of  trees  of  different  diameters  and  contain- 
mg  different  numbers  of  16-foot  logs.  For  trees  from  7  to  9  inches  in  diameter,  inclu- 
sive, and  for  all  one-log  trees,  the  table  is  based  on  555  trees  measured  in  Deerlodge 
Comity,  Mont.,  with  an  average  stump  height  of  from  0.5  to  1  foot,  and  an  average 
top  diameter  inside  the  bark  of  6  inches;  for  all  trees  10  inches  and  over  in  diameter 
and  containing  more  than  one  16-foot  log,  it  is  based  on  1,808  trees  measured  in  Galla- 
tin Coimty,  Mont.,  with  an  average  stimip  height  of  from  1.4  to  2.2  feet  and  an  average 
top  diameter  inside  the  bark  of  from  6.2  to  6.6  inches. 

Table  22. — Average  contents  in  board  feet  (Scribner  Decimal  C  rule)  of  lodgepole-pine 
trees  of  variotis  diameters  and  16-foot  log  contents^  Gallatin  and  Deerlodge  Counties, 
Mont. 


Diameter 

Number  of  16-foot  logs. 

Nimiber  of  16-foot  logs. 

breast 

1 

2 

3 

4 

5 

breast 

1 

2 

3   1   4 

5 

high. 

high. 

1 

Coatents  in  board  feet. 

Contents  in  board'feet. 

Incha, 

Inches. 

7 

10 

.. 

•  •• 

•  •• 

16 

90 

135 

190 

270 

365 

8 

20 

40 

••• 

•  •• 

17 

106 

150 

210 

305 

405 

9 

25 

50 

... 

... 

18 

120 

165 

240 

340 

445 

10 

35 

eo 

90 

125 

19 

135 

195 

270 

375 

485 

U 

45 

70 

100 

140 

20 

150 

220 

300 

410 

525 

12 

50 

80 

115 

160 

21 

170 

245 

330 

450 

565 

13 

60 

90 

130 

180 

22 

190 

365 

485 

605 

14 

70 

105 

150 

210 

28 

1       23 

... 

400 

525 

650 

15 

80 

120 

165 

240 

32, 

>        24 

... 

440 

565 

690 

Table  23  shows  the  contents  in  cubic  feet  and  in  board  feet  of  trees  of  various  diame- 
ters and  total  heights  in  the  Deerlodge  and  Gallatin  National  Forests,  Mont.  '^The 
volmne  in  cubic  feet  includes  the  entire  contents  of  the  tree  (exclusive  of  bark)  from 
the  top  of  t^e  stump  to  a  top  diameter  of  from  2  to  3  inches  inside  the  bark.  The 
volume  in  board  feet  shows  the  amount  of  scale  material  included  in  the  tree  to  a  top 
diameter  of  6  inches  inside  the  bark.  Besides  the  board-foot  contents  there  is  always 
a  small  amount  of  additional  material  in  the  tops  which  can  be  used  for  lagging  poles^ 
converter  poles,  cordwood,  etc.,  when  such  material  is  marketable. 
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Table  23. — Averaoe  contents  in  cubic  feet ^  to  a  top  dioaneUr  qf  from  2  to  S  inches  in- 
side bark  and  in  board  feet  (Scribn^r  Decimal  C  rule)  to  a  top  diameter  of  6  indies  inside 
the  bark,  of  lodgepole  pine  trees  of  various  diameters  and  total  heights,  Deerlodge  and 
Gallatin  National  Forests,  Mont. 


Di- 
ame- 

Total height  of  trees  in  feet. 

ter 
breast 
high. 

30 

40 

SO 

60 

70 

80 

90 

100 

3 

C.fU 
1.0 
1.5 
2.1 
2.7 
4.0 
4.8 

B.fU 

Cu.fL 
1.3 
1.7 
3.0 
3.3 
5.5 
7.5 
8.9 

B.ft. 

"20 
25 

Cu.ft. 
1.8 
2.2 
4.0 
5.1 
7.3 
9.5 
11.0 
12.5 
14.0 
17.0 
21.0 

Bdjt. 

Cu.fLB.fL 

Cu,fL 

Bdjt. 

Cu^frBd.ft. 

Cu.fLBd.ft. 

Cu.fLBd.jL 

4 

1            1 

5 

"io 

30 
35 
45 
60 
70 
90 

5  4 

1            t 

6 

6.0 
9.6 
11.4 
H.2 
16.6 
19.9 
22.2 
26.0 
30.0 

30 
40 
50 
60 
70 
85 
105 
125 

8.0 
11.2 
14.0 
17.0 
20.0 
23.0 
26.8 
30.6 
34.2 
38.4 
42.5 
46.6 
5L5 
56.0 
62.0 

7 

40 

50 

60 

75 

90 

105 

130 

165 

180 

205 

230 

260 

275 

300 

8 

15.8 
19.1 
23.0 
27.4 
32.0 
37.0 
42.0 
47.0 
62.0 
67.0 
62.6 
68.0 
73.0 

60 
75 
90 
105 
130 
160 
190 
220 
250 
280 
315 
350 
385 

9 

....     '     .       1 

10 

1 1 

11 

' 

1            1 

12 

36.0 
42.0 
48.0 
65.0 
61.0 
67.6 
74.0 
8a  0 
87.0 

165     -   - 

13 

190 

14 

230 
270 
310 
350 
390 
430 

68.0  1     290 

15 

ft6.5  1     340 

16 

79.9  •     395 

17 

79.0        450 

18 

86.0        510 

19 

ftto        000 

20 

470  inrLO  ,. 

I 

Table  24  shows  the  contents  in  board  feet  and  props  of  trees  of  various  diameters  on 
three  different  quality  sites  in  the  Arapaho  National  Forest,  Colo.  In  applying  tliis 
table  to  any  given  stand,  the  heights  of  a  few  trees  of  different  diameters  should  be 
measured  and  compared  with  the  heights  given  in  the  table,  in  order  to  determine 
the  site  quality  of  the  stand  being  measured.  If,  as  estimating  progresses,  the  average 
height  of  tlie  stand  changes  materially,  new  height  measurements  ehould  be  taken 
and  the  figures  applicable  to  tlie  new  site  used.  This  table  is  based  on  1,275  trees 
cut  from  overmature  stands  (about  200  years  old)  of  moderate  density.  The  height 
of  a  tree  of  a  given  diameter  varies  with  its  age,  while  the  relation  between  its  diameter 
and  height,  and  consequently  between  its  diameter  and  volume,  varies  with  the 
density  of  4he  stand.  Height  alone,  moreover,  does  not  determine  site  quality. 
For  these  reasons  the  table  is  applicable  only  to  the  region  in  which  it  was  made  and 
to  stands  similar  to  those  in  which  the  figures  were  secured.  Tables  based  on  diameter, 
and  total  height,  or  diameter  and  number  of  logs,  have  a  much  wider  application. 
The  present  table  allows  8  per  cent  of  defect  for  old  timber,  but  if  unusually  defective 
timber  is  encoimtered  additional  allowance  must  be  made.  The  volume  in  boaid 
feet  includes  all  of  the  tree  from  a  stump  height  of  1  foot  to  a  diameter  of  6  indies  in 
the  top;  the  remainder  of  the  tree  down  to  a  diameter  of  6  inches  in  the  top  ifi  given 
as  prop  material,  expressed  in  linear  feet. 
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Table  24. —  Volume  of  lodgepole-pine  trees  of  varioris  dicmieters  in  board  feet  (Scribner 
Decimal  C  rule)  and  linear  feet  of  props  on  three  site  qualities,  Arapaho  i^ational 
Forest,  Colo. 


Diam- 
eter 
breast 
high. 

SItequaUtyl. 

Site  quality  II. 

Site  quality  III. 

Board 
feet. 

linear 
feet. 

tree. 

Board 
feet. 

Props, 
Ihiear 
feet. 

Heieht 
tree. 

Board 
feet. 

Props, 
linear 
feet. 

Heijht 
tree. 

Inches. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 

22 

23 

24 

0 

25 

45 

66 

70 

120 

150 

180 

210 

240 

275 

815 

360 

405 

445 

490 

530 

575 

615 

20 
15 
12 
10 
10 
11 
12 
12 
10 
13 
14 
13 
12 
12 
13 
12 
13 
14 
15 

50 
56 
62 
68 
73 
77 
80 
84 
87 
89 
91 
93 
94 
95 
90 
96 
96 
97 
97 

0 

20 

35 

55 

75 

95 

120 

145 

170 

200 

235 

270 

305 

340 

375 

405 

18 
13 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
8 
6 
6 
6 

Feet. 
41 
48 
53 
58 
62 
66 
69 
72 
75 
77 
79 
81 
82 
83 
84 
85 
86 

0 

15 

30 

45 

60 

76 

90 

115 

140 

165 

190 

215 

245 

270 

300 

15 
11 
10 
10 
10 
10 
10 
10 
10 
8 
8 
6 
6 
6 
6 

Feet. 
32 
37 
42 
47 
51 
55 
59 
62 
64 
66 
68 
69 
70 
71 
72 

** 

Table  25  is  similar  to  Table  23,  except  that  it  represents  an  average  stand  without 
division  into  site  qualities,  and  includes  prop  material  to  a  top  diameter  of  4  inches. 

Table  25. —  Volume  of  lodgepole-pine  trees  of  various  diameters  in  board  feet  (Scribner 
Decimal  C  rule),  and  in  linear  feet  of  props  on  average  sites,  Medicine  Bow  National 
Fore9t,  Wyo. 


Diameter 
breast 
high. 

Board 
feet. 

Props, 
Ifaiear 
feet. 

Diameter, 
breast 
high. 

Board 
feet. 

Props, 
linear 
feet. 

Inches. 
6 
6 
7 
8 
9 
10 
U 
12 

8 
17 
18 
36 
10 
8 
8 
8 

Inches. 
13 
14 
15 
16 
17 
18 
19 
20 

127 
154 
182 
209 
240 
276 
306 
342 

8 
8 
8 
6 
6 
5 
7 
4 

5 
12 
25 

64 
85 
105 

Table  26  shows  the  average  number  of  ties  and  the  amount  of  prop  material,  expressed 
in  board  feet,  for  trees  of  different  diameters  irrespective  of  height.  The  table  is 
based  on  about  90,000  old  trees  cut  in  extensive  logging  operations  on  the  Medicine 
Bow  National  Forest,  and  includes  allowance  for  all  defect. 

Table  26. — Average  number  of  ties  {7^^X7^^XS0  and  board  feet  of  prop  material  in 
lodgepole  pine  trees  of  various  diameters.  Medicine  Bow  National  Forest,   Wyo. 


Diameter, 
breast 
high. 

Number 
of  ties. 

Prop 
matenai. 

Diameter, 
breast 
high. 

Number 
of  ties. 

Prop 
material. 

Inches. 
10 
11 
12 
13 

1.7 
2.0 
2.4 
3.0 

Boardfeet. 
13 
14 
14 
14 

Inches. 
14 
15 
16 
17 

3.6 
4.3 

4.8 
6.0 

Board/eel. 

12 
11 
10 
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Table  27,  which  is  based  on  894  trees,  shows  the  number  of  ties  (including  about  25 
per  cent  se(  ond-class  ties),  and  of  prop  material  expressed  in  linear  feet,  for  trees  hx>in 
10  to  15  inches  in  diameter  and  from  50  to  90  feet  in  height. 

Table  27.^ — Averarje  number  of  first  and  second  class  railroad  ties  and  amount  of  mine 
prop  material  in  lodge  pole  pi  fie.  Medicine  Bow  National  Forest^  Wyo. 


Diameter 

Total  height  of  trees. 

breast 

50  feet. 

m  feet. 

70  feet. 

80  feet. 

90  feet. 

high. 

Ties. 

Props. 
Feft. 

Ties. 

Props. 

Ties. 

Props. 

Tie5. 

Props. 

Ties. 

Props. 

Inches. 

iVo. 

Xo. 

Ftet. 

Xo. 

Fed, 

No. 

Feet. 

No, 

Feel. 

10 
11 

2.0 
2.4 

17 
13 

2.3 
2.7 

21 
18 

2.5 
3.0 

25 
21 

3.0 
3.6 

29 
25 

4.0 

28 

12 

2.8 

12 

3.2 

15 

3.5 

19 

4.1 

21 

4.5 

24 

13 

3.3 

11 

3.(J 

14 

4.0 

17 

4.7 

19 

4.9 

21 

14 

3.7 

11 

4.0 

13 

4.5 

15 

5.1 

17 

5.4 

19 

15 

4.0 

11 

4.4 

13 

5.0 

14 

5.5 

15 

5.8 

17 

»  From  Forest  Service  Circular  12»». 


FORM   TABLES. 


Table  28,  based  on  735  trees,  shows  the  butt  taper  in  trees  of  different  sizee,  and  is 
useful  for  estimating  the  diameter  breast  high  when  only  the  stumps  remain.  While 
the  table  is  based  on  measurements  taken  in  Wyoming,  it  has  been  found  to  be  reliable 
for  Montana,  and  is  probably  so  for  Colorado. 

Table  2S.' — Butt  taper  of  lodge  pole  pine  as  shown  by  diameter  outside  harhy  Medicine 

Bow  National  Forest,  Wyo. 


Diame- 

Height from  ground. 

Dlame- 

Height  from  ground. 

■ 

ter 

Ifoot. 

2  feet. 

3  feet. 

4  feet. 

5  feet. 

eter 
1    breast 

Ifoot. 

2  feet. 

3  feet. 

4  feet. 

5  feet. 

hiKh. 

high. 

Inches. 

Diameter. 

Diameter. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inche9. 

5 

5.5 

5.4 

6.2 

5.1 

4.9 

12 

13.3 

12.5 

12.2 

12.1 

11.9 

6 

0.6 

6.4 

6.2 

0.1 

5.9 

13 

14.4 

13.fi 

13.2 

13.1 

12.9 

7 

7.8 

7.4 

7.2 

7.1 

6.9 

14 

15.6 

14.7 

14.2 

14.1 

13.9 

8 

8.9 

8.4 

8.2 

8.1 

7.9 

15 

16.8 

15.8 

15.3 

15.1 

14,9 

9 

10.0 

9.4 

9.2 

9.1 

8.9 

10 

18.0 

16.9 

16,4 

16,1 

15.9 

10 

11.1 

10.4 

10.2 

10.1 

9.9 

17 

19.3 

18.1 

17.5 

17.1 

16.9 

11 

12.2 

n.5 

n.2 

11.1 

10.9 

1  From  I'orest  Service  Circular  126. 


Table  29  shows  the  stem  taper  of  lodgepole-pine  trees  of  different  diameters  breaat 
high.  Such  a  table  can  be  used  as  a  basis  for  constructing  volume  tables  in  terms  of 
any  desired  unit,  and  is  also  useful  as  showing  at  what  distance  from  the  ground  any 
given  diameter  occurs,  in  trees  of  different  diameters  and  heights. 
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Table  29. — Stem  taper  of  lodaepole  pine  as  shown  by  diameter  inside  barky  Gallatin 
and  Deerlodge  Counties y  Mont.^ 


TREES  50  FEET  IN  HEIGHT. 


Diameter 

Height  firom  ground. 

5  feet. 

10  feet. 

15  feet. 

20  feet. 

25  feet. 

30  feet. 

35  feet. 

40  feet. 

45  feet. 

60  feet. 

Basis. 

hehes. 
7 

Indus. 
6.8 
7.8 
8.8 
0.7 
10.7 

Inches. 
6.4 
7.3 

a2 

0.1 
10.0 

Inches. 
5.0 
6.7 
7.6 
8.4 
0.2 

Inches. 
5.5 
6.2 
6.9 
7.7 

a4 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Trees, 
8 

8 

5.5 
6.2 
7.0 
7.7 

8 

9 

5.5 
6.2 
7.0 

7 

10 

5.4 
6.2 

11 

5.3 

10 

Total  .. 

33 

TREES  60  FEET  IN  HEIGHT. 


Diameter 

.  Height  from  ground. 

breast  high. 

5  feet. 

10  feet. 

15  feet. 

20  feet. 

25  feet. 

30  feet. 

35  feet. 

40  feet. '  45  feet. 

1 

60  feet. 

Basis. 

Indut. 
7 

Indus. 
6.8 
7.8 
&8 
9.8 
10.8 
11.6 
12.6 
13.5 
14.5 

Indus. 
6.6 
7.5 
8.4 
0.2 
10.0 

ia8 

11.6 
12.5 
13.4 

Indus. 
6.4 
7.2 
8.0 
8.8 
0.5 
10.2 
11.0 
11.8 
12.7 

Indus. 
6.0 
6.8 
7.6 
&5 
0.0 
0.6 
10.3 
11.1 
12.0 

Indus. 
5.7 
6.4 
7.2 
8.0 
&4 
8.8 
0.4 
10.3 
11.1 

Inches. 
5.2 
6.0 
6.6 
7.8 
7.6 
8.0 
8.5 
0.3 
10.0 

Indus. 
4.6 
5.5 
6.0 
6.6 
6.8 
7.1 
7.5 
8.1 
8.8 

Inches. 

Inches. 

Inches. 

Trees. 
13 

8 

4.7 
6.3 
5.9 
6.0 
6.2 
6.5 
7.0 
7.5 

22 

0 

10 

50 

11 

5.2 
5.4 
5.6 
5.9 
6.3 

4.5 
4.6 
4.7 
4.9 
5.1 

60 

12 

51 

13 

17 

14 

9 

15 

9 

Total... 

221 

TREES  70  FEET  IN  HEIGHT. 


Diame- 
ter 

Height  from  ground. 

breast 

high. 

5  feet. 

lOfeet. 

15feet 

20  feet. 

25  feet. 

30  feet. 

35  feet. 

40  feet. 

46  feet. 

50  feet. 

55  feet. 

m  feet. 

Basis. 

hdus. 

In, 

In. 

In. 

In. 

In. 

In. 

In. 

In.  ' 

In. 

In. 

In. 

In. 

Trees. 

10 

10.1 

0.3 

8.8 

8.5 

8.1 

7.7 

7.1 

6.6 

5.8 

6.1 

4.5 

3.8 

60 

u 

11.1 

10.1 

9.6 

0.2 

8.7 

8.2 

7.7 

7.0 

6.3 

6.6 

4.8 

4.0 

50 

12 

12.1 

ILO 

10.3 

0.8 

0.3 

8.7 

&2 

7.6 

6.8 

6.9 

5.1 

4.1 

49 

13 

12.9 

11.0 

11.1 

10.6 

0.0 

0.3 

&7 

8.0 

7.2 

6.3 

5.4 

4.3 

50 

14 

13.8 

12.7 

11.0 

11.2 

10.5 

9.9 

0.2 

8.6 

7.6 

6.6 

5.6 

4.5 

60 

15 

14.8 

13.5 

12.6 

11.0 

11.2 

10.6 

0.7 

8.0 

7.0 

6.9 

6.8 

4.7 

42 

16 

15.8 

14.5 

13.5 

12.7 

11.0 

11.2 

10.3 

9.4 

&4 

7.2 

6.1 

4.9 

16 

17 

16.0 

15.5 

14.4 

13.5 

12.6 

11.8 

10.9 

9.8 

a? 

7.5 

6.3 

5.1 

12 

18 

17.9 

16.4 

15.3 

14.3 

13.3 

12.4 

11.3 

10.2 

9.0 

7.7 

6.5 

5.2 

7 

1» 

18.8 

17.3 

16.0 

15.0 

14.0 

13.0 

11.0 

10.7 

9.4 

&0 

6.7 

5.4 

8 

20 

10.8 

18.1 

16.8 

15.7 

14.6 

13.6 

12.4 

11.1 

9.7 

8.2 

6.8 

5.6 

2 

Total 

331 

1  The  figures  for  trees  10  inches  and  over  in  diameter  in  the  60-foot  height  class,  and  for  all  trees  in  the 
70, 80,  ana  90  foot  hei^t  classes  were  originally  published  in  Forest  Service  Circular  126,  and  are  based  on 
data  secured  in  OaUatin  County,  Mont.  The  figures  for  all  trees  in  the  50-foot  height  class  and  for  the  7 
and  8  inch  trees  In  the  60-foot  height  class  are  based  on  data  secured  in  Deerlodge  County,  Mont.  The 
flgares  for  9-inch  trees  in  the  60-lbot  height  class  are  interpolated. 
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Table  29. — Stem  taper  of  lodgepole  pine  as  shown  by  diameter  inside  6arJb,  Gallaiin  and 
'  iJeerlodge  Counties,  Mont. — Continued. 


TREES  80  FEET  IN  HEIGHT. 


Diameter 
breast  high. 

Height  from  ground. 

5  feet. 

10 
feet. 

15 
feet. 

20 
feet. 

2,5   ' 
feet. 

'   30 
feet. 

35 
feet. 

40 
feet. 

45 
feet. 

50 
feet. 

55 
feet. 

GO 
feet. 

65 
feet. 

Basis. 

Inches. 
10 

In. 

9.7 
10.7 
11.8 
12.7 
13.7 
14.7 
15.8 
16.8 
17.8 
18.7 
19.  G 

In. 

9.1 
10.0 
10.9 
11.8 
12.7 
13.6 
14.6 
15.4 
16.3 
17.1 
17.9 

In. 
8.8 
9.7 
10.5 
11.3 
12.1 
12.9 
13.7 
14.5 
15.3 
16.0 
16.7 

In. 
8.6 
9.4 
10.1 
10.8 
11.5 
12.3 
13.0 
13.8 
14.5 
15.1 
15.7 

In. 
8.3 
9.0 
9.7 
10.4 
11.0 
11.7 
12.4 
13.1 
13.8 
14.3 
14.8 

In. 
7.9 
8.6 
9.2 
9.9 
10.5 
11.1 
11.8 
12.4 
13.0 
13.5 
14.0 

In. 
7.5 
8.1 
8.7 
9.4 
9.9 
10.5 
11.1 
11.6 
12.2 
12.6 
13.1 

In. 
7.1 

7.6 
&1 
8.7 
9.2 
9.7 
10.3 
10.7 
11.2 
11.7 
12.1 

In. 

6.6 
7.0 
7.5 
8.0 
8.4 
&9 
9.4 
9.8 
10.2 
10.6 
11.0 

In. 
6.0 
6.4 
6.8 
7.2 
7.6 
8.0 
8.4 
8.7 
9.1 
9.4 
9.7 

In. 
5.4 
6.7 
6.0 
6.3 
6.7 
7.0 
7.3 
7.6 
7.9 
8.2 
&4 

In. 

4.8 
5.1 
5.3 
5.5 
6.8 
6.0 
6.2 
6.4 
6.7 
6.9 
7.1 

In. 
4.3 
4.4 
4.6 
4.8 
4.9 
6.1 
6.2 
6.3 
5.6 
5.6 
6.7 

Tree*. 
60 

11 

60 

12 

60 

13 

47 

14... 

15    

41 
38 

10 

28 

17 

20 

18 

10 

19 

10 

20 

2 

Total 

1 

346 

i 

1 

1 

1 

TREES  90  FEET  IN  HEIGHT. 


Height  from  ground. 

Diamet< 

ff 

breast 

high. 

5  feet. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

66 

70 

76 

Basis. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet 

Inches. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

Trees. 

12... 

..   11.8 

10.9 

10.6 

10.4 

10.1 

9.8 

9.4 

8.9 

8.4 

7.8 

7.2 

6.6 

5.7 

4.8 

16 

13... 

..    12.8 

11.9 

11.5 

11.2 

10.9 

10.5 

10.1 

9.6 

9.1 

8.4 

7.8 

7.1 

6.3 

6.3 

4.3 

10 

14... 

..    13.8 

12.9 

12.4 

12.0 

11.7 

11.3 

10.8 

10.3 

9.7 

9.0 

8.3 

7.6 

6.7 

6.8 

4.7 

3 

15... 

..    14.8 

13.8 

13.2 

12.8 

12.4 

12.0 

11.5 

10.9 

10.3 

9.6 

8.8 

8.0 

7.1 

6.1 

4.9 

21 

16... 

..    15.8 

14.7 

14.1 

13.6 

13.2 

12.7 

12.2 

11.5 

10.8 

10.0 

9.2 

8.3 

7.4 

6.3 

5.2 

13 

17... 

..    16.8 

15.6 

14.9 

14.4 

14.0 

13.5 

12.9 

12.2 

11.3 

10.4 

9.6 

8,6 

7.6 

6.4 

6.3 

8 

18... 

..    17.7 

16.5 

15.7 

15.2 

14.6 

14.1 

13.5 

12.7 

11.8 

10.8 

9.9 

8.9 

7.8 

6.6 

6.4 

6 

19... 

..18.7 

17.2 

16.4 

15.8 

15.2 

14.6 

13.9 

13.1 

12.2 

11.2 

10.2 

9.1 

&0 

6.7 

5.6 

4 

20... 

..    19.7 

18.1 

17.2 

16.4 

15.8 

15.1 

14.4 

13.5 

12.6 

11.5 

10.4 

9.3 

8.1 

6.8 

6.6 

7 

21... 

..20.6 

18.9 

17.8 

17.0 

16.3 

15.6 

14.8 

13.9 

12.8 

11.7 

10.6 

9.4 

8.2 

6.9 

6.6 

2 

22... 

..    21.6 

19.7 

18.5 

17.6 

16.9 

16.1 

15.3 

14.3 

13.2 

12.0 

10.8 

9.6 

8.3 

7.0 

5.7 

3 

Totftl- 
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BULLETIN    OF  THE 

eEnmofAiiaiM 

No.  235 

Milritxition  horn  the  Bnnau  U  Entomology,  L.  O.  Howard,  Qii 
Jone  24,  1915. 

CONTROL  OF  DRIED-FRUIT  INSECTS  IN  CALI- 

F0RNU.1 

By 

William  B.  Parker,'  EntoTnologxcal  Assistant,  Truck-Crop  and  Stored-Product  Insect 

Investigations. 

INTRODUCTION. 

The  State  of  CaHfomia  is  especially  adapted  to  the  raising  of  fruits. 
It  is  manifest  that  only  a  part  of  the  great  crop  which  is  annually 
produced  may  be  marketed  in  a  fresh  condition,  since  it  is  impossible 
to  preserve  semitropical  and  other  soft  fruits  for  more  than  a  very 
limited  time  in  the  fresh  state.  The  fruit  canneries  and  the  dried- 
fniit  industry  have  accordingly  been  formed  with  a  view  to  the  utiliza- 
tion of  the  surplus  fruit  and  have  assumed  large  proportions,  the 
production  of  dried  fruits  for  the  State  of  California  being  estimated 
at  140,000  carloads  annually. 

The  importance  of  this  industry  and  the  fact  that  numerous  in- 
quiries are  made  concerning  the  control  of  the  insects  which  attack 
dried  fruits  warrant  investigation  of  the  insect  enemies  of  dried  fruits 
in  California.  This  was  imdertaken  in  a  preliminary  way  in  1908,  but 
owing  t6  lack  of  fimds  was  discontinued  until  1911,  at  which  time  the 
writer,  working  imder  the  direction  of  Dr.  F.  H.  Chittenden,  was 
assigned  to  this  project.  The  investigation  has  been  continued  to 
the  time  of  publication,  and  the  preliminary  notes  are  herewith  sub- 
mitted. 

>  Tbe  observations  in  this  bulletin  and  the  data  on  life  history  and  habits  were  obtained  in  central  Cali- 
fomia,  the  author  having  his  headquarters  at  Sacramento,  but  it  is  probable  that  these  particulars  do  not 
differ  materiany  in  other  fruit-growing  sections  of  the  United  States,  especially  in  the  eastern  and  southern 
fruit  regions. 

>  Resigned  Aug.  31, 1014. 

Non.— The  writer  has  been  assisted  in  this  faivestigation  by  the  Roeding  Fig  Packing  Co.,  the  Rosenberg 
Col,  Mr.  D.  L.  Smith,  of  the  Schuckl  Co.,  the  California  Dried  Fruit  Exchange,  the  Robt.  Gair  Co.,  and 
tbe  PettersoQ  Carton  Wrapping  &  Sealing  ICachbie  Co.,  who  by  their  cooperation  have  greatly  facilitated 
tbe  prosecotion  of  this  project.  He  also  wishes  to  acknowledge  the  assistance  of  Mr.  R .  E.  Campbell,  of  the 
1  of  Entomology,  who  brought  to  completion  some  of  the  experiments  detailed  in  this  i>aper. 
90548*— BuU.  336—16 
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no.  1.— The  Indian-meal  moth  (Plodia  interpuitcfella):  a,  Moth; 
bf  chrysalis;  c,  caterpillar;  d,  head  of«,qam^  «»  Arst^  f^MypMbaA: 
segment  of  same;  /,  caterpillar,  dorsal  view^  .xi^  b,  c^f,  Somewhat 
enlarged;  d,  e,  more  enlarged.    (From  Chittenden.) 


INSECTS  CONCERNED  IN  THE  INJURY. 

During  the  progress  of  this  investigation  a  study  of  the  insect  forms 
most  injurious  to  dried  fruits  in  California  has  been  pursued,  with  the 

result  that  the  follow- 
ing species  have  been 
coDected,  the  more 
important  being  con- 
sidered later  in  sepa- 
rate paragraphs. 

The  Indian-meal 
moth  (Plodia  inter- 
punctdla  Hubn.)  (fig. 
1)  is  probably  the 
most    icommon     and 

pests,  its  large  size 
making  it  particularly 

conspicuous,  while  the  nature  of  its  attack  renders  infested  fruit  most 

disgusting  in  appearance.    (See  PL  I,  figs.  1,  2.)   The  fig  moth  (Ephes- 

tia  cauteUa  Walk.)  (fig.  2)  is  next  in  importance  among  the  moths, 

while    a   variety   of 

beetles,  including  the 

dried-fruit  beetle 

(CarpopJiilus  hemip- 

terus    L.),   the  saw- 
toothed  grain  beetle 

(Silvanus  surinamen- 

sis  L.),   the  foreign 

grain  beetle  {Cathar- 

tuB    advena    Waltl), 

and  a  fimgus  beetle 

(Henoticv^     serratus 

Gyll.),  are  generally 

injurious.  Two  sugar 

mites  (Tyroglyphus  siro  Gerv 

quently  found.    The  pomace 


d 


Fio.  2.— The  fig  moth  (Epheslia  cauUUa):  a,  Moth;  b,  denuded  wing* 
showing  venation;  c,  larva,  dorsal  view;  d,  two  egg  mas  es.  a,  b,  c. 
Enlarged  about  four  times;  d,  more  enlarged.    (From  Chittenden.) 


and  T,  longior  Gerv.)  are  also  f re- 
flies  (Drosophila  ampelophUa  Loew) 
attack  only  the  sweet,  watery  fruits,  or  those  that  are  fermenting,  and 
can  hardly  be  considered  as  dried-fruit  insects.  Ants  aro  occasion- 
ally  found  in  dried  fruits,  but  do  not  breed  therein,  and  can  usually 
be  best  attacked  by  destroying  their  nests  outside  the  packing  house, 

ECONOMIC  IMPORTANCE  OF  DRDSD-PRUIT  INSECTS. 

The  annual  financial  loss  to  all  who  handle  dried  fruits  from  tike 
Pacific  coast  would  be  very  difficult  to  estimate,  since  these pnxi- 
ucts  are  rapidly  distributed  by  the  packers  over  a'  large  territory. 
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and  the  injury  is  first  noticed  by  the  retailer  or  the  consiuner. 
Moreover,  the  retailer  is  inclined  to  be  somewhat  reticent  regarding 
the  presence  of  wormy  fruit  in  his  establishment,  although  an  exami- 
nation frequently  shows  such  to  be  the  case.  A  few  retail  grocers 
stated  that  the  ''worms"  were  especially  troublesome  during  the 
summer  months,  and  while  the  majority  of  those  interrogated  ad- 
mitted with  reluctance  that  they  ever  received  wormy  fruit,  it  was, 
no  doubt,  present  in  their  stores  at  the  time.  Many  companies 
claimed  that  it  would  be  difficult  to  secure  the  exact  figures,  but 
admitted  that  they  usually  sold  a  considerable  quantity  as  hog  feed 
during  the  season.  A  wholesale  grocer  stated  that  his  annual  loss 
on  dried  fruits  returned  because  of  insect  infestation  was  about  $50^ 
but  that  the  loss  in  1912  approximated  $150.  These  are  only  a  few 
individual  instances,  and  the  greatest  aggregate  loss  is  through  small 
quantities  of  infested  fruit  which  are  thrown  away  or  sold  as  hog 
feed,  the  retailer  preferring  the  loss  of  a  small  quantity  of  fruit  to  the 
trouble  of  returning  it  to  the  wholesaler.  It  is  readily  apparent, 
however,  that  the  annual  loss  must  in  the  aggregate  be  considerable. 
For  the  reason  that  no  estimates  can  be  made  of  the  injiuies  by 
the  Indian-meal  moth  to  fruits  in  California,  it  is  worth  stating  that 
according  to  figures  furnished  by  Dr.  Chittenden  in  1910,  there  was 
a  loss  to  the  peanut  industry,  through  the  ravages  of  this  species, 
amounting  to  20  per  cent,  or,  at  a  conservative  estimate,  $3,000,000.* 

PRELIMINARY  OBSERVATIONS. 

Observations  begun  in  1911  in  central  California,  with  headquar- 
ters at  Sacramento,  with  special  reference  to  insects  attacking  dried 
figs,  were  soon  extended  to  all  dried-fruit  insects.  It  was  found  that 
in  most  cases  insects  were  present  in  the  field  where  the  fruit  is  dried, 
that  they  were  quite  numerous  around  the  packing  houses,  and  that 
they  were  present  in  warehouses  and  stores  in  sufficient  numbers  to 
threaten  severe  infestation  to  boxes  of  dried  fruit  that  might  be 
stored  there.  There  are  usually  one  or  more  cracks  or  openings  in 
the  boxes  (PI.  II,  fig.  2)  through  which  an  insect  or  mite  can  readily 
crawl.  The  paper  used  in  lining  the  boxes  does  not  to  any  extent 
prevent  their  entrance. 

These  preliminary  observations  led  to  the  conclusion  that  the 
problem  could  not  be  successfully  combated  by  attacking  it  at  any 
one  point,  but  that  the  methods  of  drying,  storing,  processing, 
packing,  and  shipping  should  be  investigated. 

THE  INDIAN-MEAL  MOTH. 

The  life  history  of  the  Indian-meal  moth  (Plodia  interpundeUa 
Habn.)  will  vary  with  the  prevailing  temperature,  but  was  deter- 

i  Popenoe,  C.  EL    The  Indian-nMal  Mothand  "Weevil-cut "  Peanuts.    U.  8.  Dept.  Agr.,  Bur.  Ent, 
Cir.  143,6  p.,  1  fig.,  Sept.  16, 1012.    Bee  p.  1. 
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mined  at  the  Sacramento  laboratory  during  Jtme,  July,  and  August, 
1913,  as  follows:  Egg  stage,  6  days;  larval  stage,  35  days;  pupal 
stage,  12  days;  adult,  about  14  days.  Total,  from  egg  to  adult,  53 
days,  or  1  month  and  23  days. 

While  the  subject  of  this  article  is  practical  and  based  on  condi- 
tions at  Sacramento,  Cal.,  it  should  be  added  that  in  the  case  of  the 
life  history  of  this  species  Dr.  Chittenden  has  pointed  out  ^  that  ''ex- 
periment shows  that  the  insect  is  capable  of  passing  through  all  its 
several  stages  from  egg  to  adult  in  five  weeks,  which  fiimishes  a  pos- 
sibility of  six  or  more  generations  in  a  well-heated  atmosphere, 
although  in  a  moderately  cool  granary  or  other  storehouse  four  or  five 
broods  is  probably  the  normal  number  per  anniun.*' 

The  sudden  appearance  of  large  niunbers  of  larvae  in  dried  fruit 
is  readily  explained  by  Table  I,  which  shows  the  number  of  ^gs 
deposited  by  six  moths  which  were  confined  in  the  laboratory  to 
determine  the  rate  of  oviposition. 

Table  I. — Egg-laying  records  of  the  Indian-meal  moth. 


No. 

Days. 

Total. 

1st 

2d. 

3d. 

4th. 

5th. 

6tiL 

7th. 

8th. 

1 

2 

3 

4 

5 

6'... 

46 
56 
39 
16 
59 

79 
65 
43 
33 
51 

36 
27 
34 
47 
55 

23 
36 
18 
64 
38 

24 
36 
16 
46 

26 

16 
21 

6 
66 

6 

11 
0 

235 
250 
156 
286 
234 
168 

12 

13 

I  The  number  of  eggs  in  this  vial  was  determined  as  total  and  not  by  days. 
Average  number  of  eggs  deposited  by  the  six  moths,  221.3. 

These  eggs  were  deposited  mostly  during  the  night. 

The  life  cycle  during  the  summer,  as  given  in  a  preceding  para- 
graph, is  only  53  days.  Starting  with  one  fertile  female  in  a  packdng 
house  on  June  15  (provided  all  of  the  insects  matiu'ed),  there  would 
be  221  moths  by  the  following  August  15,  and  by  August  30  (pro- 
vided that  half  of  these  moths  were  females)  there  would  be  a  total  of 
23,310  larvsB  in  the  dried  fruit. 

Under  natural  conditions  some  of  the  eggs  do  not  hatch  and  many 
of  the  larvsB  fail  to  mature,  but  from  the  foregoing  data  it  is  readily 
imderstood  that  a  few  moths  of  this  species  are  capable  of  producing 
a  very  severe  infestation  within  a  relativdy  short  time,  provided  that 
temperature  and  other  conditions  are  favorable.' 

1  Chittenden,  F.  H.  Some  Insects  Injarions  to  Stored  Grain.  U.  8.  Dept.  Agr.,  Fanners'  Bnl.  46, 34 
p.,  18 ilg.,  1897.    Seep.  10. 

s  The  hymenopterons  parasite  Habntfneon  Mtetor  Say  is  freqosntly  fband  attacking  the  larva  of  the 
Indian-meal  moth,  bat  it  has  not  been  observed  ^predafaly  to  alleot  tiie  infestatkiD  in  California. 
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Fia  1.— The  Indian-Meal  Moth  (Plodia  interpunctella):  Moth  on  a 
Dried  Apricot.    (Original.) 


FiQ.  2.— The  Indian-Meal  Moth:  Larva  on  a  Dried  Apricot.    (Original.) 

DRIED    FRUIT    INSECTS    IN    CALIFORNIAF^d  bydOOglC 


Bui.  235.  U.  S.  Dept.  of  AgricuKure.  PLATE  M. 


FiQ.  l.-FiGS  Hanging  on  Trees  During  the  Winter  Containing  Hibernating 
Adults  of  the  Dried-Fruit  Beetle  (Carpophilus  hemipterus).   (Original.) 


Fig.  2.— The  Average  Packing  Box,  Fig.  3.— An  Infested  Box  of  Figs 

Showing  Cracks   through  which  in  the  Ordinary  Packing  Case. 

Dried  Fruit  May  Become  Infested.  (Original.) 
(Original.) 
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hkbnahon. 

Partly  grown  Isrvm  brought  into  the  laboratory  October  10,  1913, 
spent  Uie  winter  in  that  stage,  pupated  in  the  early  spring,  and 
emerged  as  adults  April  16,  1914.  LarvsB  were  observed  at  various 
times  during  the  winter  in  dried  fruit  and  partly  spim  up  in  comers 
and  cracks  of  warehouses.  Adults  were  not  observed  in  warehouses 
until  April  15,  when  many  were  found  to  be  emerging.  In  California 
this  insect  appears  to  hibernate  in  the  larval  stage,  pupate  in  the 
early  spring,  and  emei^e  as  an  adult  about  the  middle  of  April. 

THE  DBIED-FBUTT  BEETLE. 

The  dried-fruit  beetle  {CarpophUus  hemipterus  h.)  is  probably  the 
next' in  importance  as  a  destructive  dried-fruit  insect.  It  is  found  in 
large  numbers  in  the  figs  before  they  drop  from  the  trees  and  in  bins 
of  figB  and  other  dried  fruits.  The  adults  often  frequent  the  packing 
houses  in  large  numbers,  where  they  swarm  over  and  deposit  eggs  on 
the  fruit  which  has  been  dipped  and  put  out  to  cool.  They  breed 
readily  in  the  moisture  of  the  dried  fruits,  but  apparently  can  not  Uve 
in  fruit  that  is  moderately  dry. 

The  adult  insect  hibernates  in  stored  fruit  in  the  packing  houses, 
in  figs,  and  probably  in  other  fruits  which  are  not  gathered  from 
the  field  at  the  time  of  harvest.  Plate  II,  figure  1,  shows  figs  which 
were  allowed  to  remain  on  the  trees  diiring  the  winter,  and  which  were 
later  found  to  be  highly  infested  with  CarpophUus  hemipterus. 

On  September  3, 1911,  5  povnds  of  dried  figs,  taken  at  random  from 
each  of  seven  different  dryers  in  the  vicinity  of  Fresno,  Cal.,  were 
placed  in  boxes  made  insect-proof  by  plugging^  all  cracks  with  cotton 
and  wrapping  carefully  in  stout  paper.  When  examined  January  13, 
1912,  the  fruit  in  three  of  the  seven  boxes  was  badly  infested.  The 
results  of  this  experiment  prove  that  many  figs  are  infested  before 
they  are  shipped  to  the  packing  house  and  that  the  drying  sheds  are 
one  of  the  soturces  of  infestation.  These  conclusions  will  apply  equally 
well  to  other  fruits.  The  processing  may  kill  the  insects  in  the  fruit 
at  the  time  of  processing  but  will  not  protect  them  from  infestation 
while  they  are  being  dried  or  held  in  the  drying  sheds  prior  to  shipping 
to  the  packing  houses. 

It  has  been  foimd  that  infestation  takes  place  in  the  field,  in  the 
packing  house,  in  the  warehouse,  and  in  the  grocery  store. 

PROCESSING  DRIED  FRUIT. 

Dried  fruit  from  the  bins  of  the  packing  house  is  usually  quite  dry 
and  not  particularly  attractive  or  appetizing  in  appearance.  In  order 
to  improve  its  texture  so  that  it  will  pack  well  and  be  attractive  to  the 
consumer,  it  is  processed.  In  Table  II  will  be  found  the  formulas 
for  processing  fruit  that  are  in  common  use  in  California. 
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Table  II. — FormuloBfor  processing  fruit  in  common  use  in  California. 


Fruit. 

Treatment  in  field. 

In  packing  houses. 

Processing. 

Packed. 

Peach.... 

Cut    in    half,    sul- 

Graded and  placed 

Dipped  in  cold  or 
lukewarm  water, 

Moist. 

phured  14  hours, 

in  bins  not  over 

dried  in  sun  on 

4  or  5  feet  deep; 

drained,  and  sul- 

traya 

sweating      takes 
place. 

phured. 

Apricot. . 

Same  as  peach 

Same  as  peach 

Same  as  peach 

Do. 

Pear 

do..: 

Same  as  peach,  but 
handled        more 
carefully. 

Graded  and  placed 

do 

Do. 

Prune 

Picked  from  eround, 
dipped  in  lye  so- 

Dipped 1  to  3  min- 

Moist; 

in  bins. 

utes  in  clear  water 

warm. 

lution,  rinsed  in 

at       2120       F., 

clear  water,  dried 

drained. 

on  trays  in  sun. 

Fig 

Picked  from  ground 
and  dried  on  trays: 

do 

Black  figs,  dipped 
in  boiling  bnne. 

Do. 

or  dipped  in  hot 

drained    and 

brine,     drained. 

packed.      White 
tigs,    dipped    in 

dipped    in    cold 

brine-soda    solu- 

cold    water. 

tion,  drained,  and 

drained,    and 

spread  on  trays, 
placed  in  sun  un- 

packed: or  dipped 

in  boiling  brine, 

til  excess  moist- 

drained,    and 

ture  is  removed, 

packed.       Some 

then   stacked   to 

are   dipped   and 

complete  drying. 

sulphured. 

FORMULAS. 

Brine  formula  for  prunes:  Lye,  1  pound  to  20  gallons. 

Formula  for  dip  for  figs  before  being  packed:  Salt,  50  pounds;  soda,  3  to  4  pounds; 
water,  150  gallona 

Formula  for  raisins  before  drying:  One  quart  olive  oil  and  three-fourths  pound 
powdered  caustic  soda;  water,  I  gallon;  cook  30  minutes,  add  100  gallons  of  boiling 
water  with  4i  pounds  caustic  soda;  add  more  caustic  soda  if  desired. 

Amount  of  sidphur  to  use  and  time  of  exposure  based  on  1,000  pounds  of  fruit. 

THE  EFFECT  UPON  INSECTS  OF  PROCESSING  FRUIT. 

It  will  be  observed  in  Table  II  that  the  processmg  includes  either 
dipping  in  boiUng  brine  or  sulphuring. 

In  the  case  of  figs,  when  removed  from  the  dipping  vat  they  were 
too  hot  to  be  handled.  When  opened  the  interior  was  steaming  hot, 
and  it  was  assumed  that  no  insects  could  pass  through  the  dip  alive. 
To  prove  this  point,  the  following  experiments  were  conducted: 

On  September  3,  1911,  100  pounds  of  dried  figs,  thoroughly  infested 
by  the  dried-fruit  beetle  and  Indian-meal  moth,  were  dipp>ed  in  the 
regular  dipping  solution  heated  to  boiling.  Fifty  pounds  of  these 
figs  were  immersed  in  the  dip  45  seconds,  and  50  pounds  were  im- 
mersed 90  seconds.  The  figs  were  protected  from  insects  when 
cooling,  and  were  later  put  into  boxes  and  sealed.  That  this  dipping 
was  sufficient  to  kill  all  animal  Ufe  was  proved  by  the  total  absence 
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of  living  insects  or  of  any  trace  of  them  when  the  fruit  was  examined 
four  months  later,  January  14,  1912. 

That  sulphur  fumes  are  more  or  less  effective  in  killing  insects  has 
long  been  known,  but  in  order  to  prove  their  efficiency  the  following 
experiments  were  conducted: 

On  September  4,  1911,  100  pounds  of  black  figs,  which  were  badly 
infested  by  the  dried-fruit  beetle,  were  separated  and  sulphured  in 
the  regular  manner.  Upon  being  removed  from  the  sulphur  box 
they  were  immediately  placed  in  cartons  and  sealed  to  prevent  rein- 
festation.  They  were  examined  January  14,  1912,  and  no  insects  or 
evidence  of  recent  work  were  observed.  The  sulphuring  killed  all 
insects  present  in  the  figs  at  the  time. 

An  experiment  to  determine  the  effect  of  sulphur  fumes  upon  the 
eggs  of  insects  was  conducted  at  Sacramento  during  the  summer  of 
1913.  About  25  eggs  of  the  Indian-meal  moth,  deposited  on  a  dry 
fig  in  a  vial,  were  placed  in  the  top  of  a  sulphur  box  and  given  the 
usual  treatment.  None  of  these  eggs  hatched,  while  the  e^s  kept 
as  checks  hatched  in  due  time. 

From  the  foregoing  experiments  it  is  evident  that  sulphuring  the 
fruit  has  a  tendency  to  kiU  any  insects  infesting  it.  In  case  eggs  or 
larvsB  are  well  inside  of  the  fruit,  however,  it  is  probable  that  they 
would  not  be  injured;  and  since  the  use  of  sulphur  is  not  sanctioned 
by  the  authorities,  and  the  use  of  heat,  either  wet  or  dry,  is  so  very 
effective,  the  use  of  a  belt  heater  is  recommended. 

A  BELT  HEATER  TO  DESTROY  INSECTS  IN  DRIED  FRUIT. 

The  belt  heater  is  composed  of  a  chamber  in  which  is  run  a  tier 
of  belts,  each  running  in  the  opposite  direction  to  the  one  above  it. 
Tliese  are  so  arranged  that  the  fruit  can  be  fed  in  at  the  top  and  will 
travel  on  the  top  belt  until  it  reaches  the  roller,  when  it  will  fall  to 
the  belt  below  and  be  carried  in  the  other  direction,  and  so  on  down, 
the  last  belt  carrying  the  fruit  out  of  the  chamber.  A  heater,  either 
electric  or  steam,  is  arranged  to  maintain  a  temperature  of  180°  F., 
and  by  adjusting  the  speed  of  the  belts  the  time  that  the  fruit  remains 
in  the  heater  can  be  regulated. 

An  experimental  machine  consists  of  six  belts,  10  feet  long  and  5 
feet  wide,  running  on  3-inch  wooden  rollers.  The  rollers  are  set  on 
cold-rolled  axles,  turned  by  cast-iron  sprockets  connected  by  No.  26 
duun,  which  is  so  arranged  that  it  reverses  the  direction  of  alternate 
rollers.  To  insure  even  heating  an  electric  fan  is  so  adjusted  that 
the  hot  air  is  blown  along  the  belts,  and  guides  are  arranged  to  direct 
the  air  current  onto  the  belts  above.  Thus,  as  the  fruit  is  carried 
aknig  by  the  belts,  the  hot  air  is  blown  over  it.  Such  a  machine 
arranged  to  deUver  the  fruit  into  a  screened  packing  room  (fig.  3) 
would  insure  the  fruit  against  contamination  before  packing. 
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The  fruit  should  remain  in  the  heater  sufficiently  long  to  raise  it 
to  180*"  F.     This  temperature  will  kill  all  insect  life. 

PROTECTING  DRIED  FRUITS  FROM  INFESTATION. 

Although  some  damage  results  from  the  infestation  of  dried  fruit 
stored  in  bins  in  the  packing  house,  the  greatest  loss  occurs  after  the 
fruit  has  been  packed. 

The  fruit  which  is  separated  and  dipped  into  hot  solutions  (212^  F.) 
before  being  packed  is  by  this  process  sterilized  so  far  as  insects  are 
concerned.     It  has  been  found  that  such  fruits  as  peaches,  pears, 
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Fig.  3.— Diagram  of  screened  paddng  room  showing  bait  beater  at  canter.    (OriglnaL) 

and  apricots,  which  are  not  dipped  in  such  solutions,  can  be  sterilized 
by  dry  heat  before  they  are  moistened,  preparatory  to  packing. 
The  major  problem  is  one  of  preventing  infestation  after  Uie  fruit 
is  sterilized  and  packed.  Successful  experiments  with  the  use  of  a 
sealed  carton  (fig.  4)  to  protect  cereals  from  insect  attack*  led  the 
writer  to  work  out  a  similar  process  for  dried  fruits. 

Figs  put  up  in  small  packages  were  found  convenient  for  the  fol- 
lowing preliminary  experiments  begun  at  Fresno,  Cal,  October  1, 
1913.  Hot  figs  were  taken  from  the  dipping  vat,  pressed  into  bricks, 
wrapped  in  the  regular  paper,  and  placed  in  cartons.  Careful  watch 
was  kept  for  mf esting  insects,  and  none  was  seen  near  the  figs  during 
tile  packing  process. 
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Plate  III. 


Fio.  3.— How  THE  Packages  Stood  the  Shipping  Test.    (Original.) 
THE    INNER    SEAL:    A    SANITARY    INSECT-PROOF    PACKAGE,   j 


Bui.  235,  U.  S.  Dept.  of  Agriculture.  PLATE  IV. 


FiQ.  1. -Round  Packages  for  Dried  Fruit  which  Can  Be  Sealed.    (Original.) 


FiQ.  2.-BRICKS  OF  Figs,  Showing  the  Result  of  Sealed  Carton  Experiments. 

At  left,  unsealed  brick.    Note  dried  snimriTijr  and  infested  condlUon.    At  right,  sealed  brick. 
Note  moist  condition.    (Original. ) 

PROTECTING    DRIED    FRUITS    AGAINST    INSECTS 

Digitized  by  VjOOQIC 
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Of  these  cartons  16  were  sealed  as  shown  in  Plate  III,  figure  1, 
and  16  left  unsealed.  Of  the  unsealed  ones,  8  were  so  prepared  that 
the  wrapping  paper  was  slightly  torn.  This  condition  is  one  fre- 
quently found  in  packages  of  figs  put  up  by  the  girls  in  the  packing 
house. 

The  32  cartons  prepared  as  described  above  were  brought  to 
Sacramento  and  placed  in  an  insect-tight  box  in  which  were  then 
placed  large  numbers  of  larvaB  and  adults  of  Plodia  interpuncteHa, 
OarpophUus  Tiemipterus,  and  Onaihocerus  (Echocerus)  mamUoaus  Fab. 
The  box  was  then  sealed  so  that  the  insects  could  not  escape,  and 
they  were  given  every  chance  to  infest  the  cartons. 

At  the  conclusion  of  these  experiments,  April  16,  1914,  all  but  two 
of  the  unsealed 
cartons  were  found 
to  be  infested, 
while  the  sealed 
ones  showed  no 
evidence  of  insects 
having  entered. 
It  was  observed 
diat  the  larv»  of 
Plodia  inierpunc- 
teOa  had  in  some 
places  broken 
through  the  thin 
paper  used  to  wrap  the  bricks  of  figs  before  they  are  placed  in  the 
cartons.^  It  had  previously  been  supposed  by  the  packers  that  this 
paper  if  preserved  intact  would  prevent  insects  from  reaching  the 
fruit. 

The  forgoing  experiments  will  serve  to  prove  the  efficiency  of  a 
sealed  carton  in  protecting  packed  dried  fruit  from  insect  attack. 

SEALED  PACKAGES  FOR  DRIED  FRUIT. 

Packages  of  dried  fruit  weighing  less  than  5  poimds  are  so  nearly 
the  size  of  the  cartons  used  for  cereals  that,  except  for  the  high  labor 
cost  of  sealing,  the  method  used  with  the  cereal  carton  could  be 
reculily  applied  to  dried  fruits.  With  the  10,  25,  and  50  pound  pack- 
ages, however,  the  cost  of  such  sealing  is  excessive,  and  the  wooden 
boxes  used  can  not  be  thus  sealed  to  advantage,  as  the  seal  is  easily 
broken  by  rough  handling.  To  obviate  this  difficulty  a  light  paper 
carton  fitting  inside  the  wooden  box,  and  sealed  before  the  top  was 
Bailed  on,  was  constructed,  but  the  cost  of  these  cartons  and  the 
additional  labor  required  to  pack  them  innjiibited  the  employment 

1 A  heavy  parai&iied  paper  appears  efleotiTe  in  preventing  faaeots  from  eating  through. 


Fio.  4.— Diagram  of  carton,  showing  method  of  applying  label  to  protect 
inclosed  cereal  Itom  bisect  attack.    (Author's  Illustration.) 
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of  this  method.  A  fiber-board  carton  was  then  selected  which  could 
be  sealed,  or  in  which  had  been  placed  an  inner  seal,  to  prevent  the 
entrance  of  insects.  Such  a  package  to  be  successful  should  stand 
the  same  shipping  conditions  as  a  wooden  box  and  should  not,  when 
sealed,  greatly  exceed  the  latter  in  cost.  A  carton  of  the  following 
specifications  was  tested  to  determine  its  shipping  quaUties: 

Certijicate  of  box  maker. — This  box  is  made  of  three-ply  or  more,  fiber  board  or  pulp 
board,  outer  ply  waterproofed. 

Each  ply inch. .  0. 016 

Thickness  not  less  than  combined  board do 080 

Resistance  (Mullen  test),  combined  board pounds  per  square  inch. .      200 

Dimension  limit,  length,  width,  and  depth  added inches. .        65 

Gross  weight  limit pounds. .        65 

SHIPPING  TESTS  OF  FIBER-BOARD  PACKAGES. 

Three  25-pound  boxes  (PL  III)  made  according  to  the  foregoing 
specifications  were  filled  with  25  pounds  of  dried  peaches,  sealed,  and 
given  the  following  shipping  tests: 

Box  No.  1  was  shipped  by  express  from  Sacramento,  Cal.,  to  Port- 
land, Me.,  and  back,  or  about  6,000  miles,  during  which  trip  it  was 
handled  by  at  least  18  men.  This  box  arrived  in  Sacramento  in  good 
condition  and  is  shown  in  Plate  III,  figure  3. 

Box  No.  2  was  shipped  from  Sacramento,  Cal.,  to  Fai^o,  N.  Dak., 
as  one  of  the  bottom  boxes  in  a  car  of  25-pound  boxes  of  dried  fruit. 
Except  for  one  place  where  the  sharp  edge  of  a  wooden  box  had  worked 
up  the  edge,  this  box  arrived  at  its  destination  in  fine  condition,  as 
illustrated  in  Plate  III,  figure  3.  This  rubbing  would  not  occur  in  a 
carload  of  fiber-board  boxes. 

Box  No.  3  was  sent  to  San  Francisco  by  Parcels  Post,  where  it  was 
trucked  around  the  wharves,  given  a  thorough  test,  and  examined 
by  several  packers  and  by  the  agent  of  one  steamship  company.  It 
arrived  in  Sacramento  in  good  condition,  after  having  stood  the  test 
and  having  been  pronounced  a  good  shipping  package  for  dried 
fruit.     (PL  III,  fig.  3.) 

The  foregoing  tests  proved  that  the  25-pound  package  of  dried  fruit 
could  be  shipped  long  distances,  and  its  shipping  qualities  compared 
very  well  with  the  wooden  box. 

These  fiber-board  boxes  (PL  III)  weigh  much  less  than  the  wooden 
box,  and  the  saving  on  the  freight  would  be  considerable.  In  the 
case  of  the  25-pound  box  the  saving  per  car  on  the  basis  of  $1.10 
per  100  (freight  rate)  is  about  $23.  It  was  estimated  that  the  adop- 
tion of  this  style  of  package  would  save  one  company  approximately 
$40,000  annually. 
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THE  SEAL. 

The  fiber-board  package  was  found  to  be  tight,  except  at  the  cor- 
ners and  where  the  flaps  meet  in  the  middle  of  the  sides.  An  attempt 
was  made  to  seal  these  places  with  gummed  tape,  but  the  labor 
required  to  do  this  increased  the  cost  of  packing  to  such  an  extent 
as  to  make  the  method  unfeasible. 

An  inner  seal  was  then  so  constructed  that  when  the  carton  was 
regularly  sealed  there  would  be  no  cracks  or  openings  at  the  comers. 
(See  PI.  m,  fig.  1.) 

The  inner  seal  appears  practical  from  the  packer's  point  of  view, 
but  the  carton  manufacturer  claims  that  it  would  be  difficult  to 
make  it  cheaply  enough  without  special  mtichinery,  although  this 
would  probably  be  made  were  there  a  demand  for  such  cartons. 

ADVANTAGES  OF  THE  SEALED  CARTON  FOR  DRIED  FRUTT. 

As  long  as  dried  fruit  can  be  processed  so  that  mold  is  no  more 
prevalent  in  sealed  packages  than  in  unsealed  ones  the  disadvantages 
of  this  type  of  package,  with  the  possible  exception  of  the  extra  cost, 
are  n^ligible.     The  advantages,  on  the  other  hand,  are  several. 

The  main  object  of  the  sealed  carton  is  the  exclusion  of  infesting 
insects.  This  is  accomplished  very  successfully  and  so  solves  a  large 
portion  of  the  present  problem. 

It  also  prevents  the  evaporation  of  moisture  fropi  the  fruit,  and 
thus  for  a  long  time  preserves  the  fruit  in  the  same  moist  condition 
in  which  it  was  packed.  Plate  IV,  figure  2,  shows  two  bricks  of  figs 
packed  October  1,  1913,  and  opened  April  16,  19-14.  The  brick  on 
the  left  was  put  up  in  an  ordinary  carton,  and,^as  will  be  observed, 
it  was  dried,  sugared,  and  became  infested,  while  the  one  on  the  right, 
which  was  put  into  an  ordinary  carton,  but  sealed,' is  in  practically 
the  same  condition  as  when  packed.  These  two  bricks  were  kept 
under  the  same  conditions;  in  fact,  were  in  the  same  box.  From  the 
foregoing  data  it  is  evident  that  fruit  properly  packed  in  sealed  cartons 
win  be  protected  from  iofestation  and  will  remain  in  a  moist  condition 
much  longer  than  when  packed  in  an  ordinary  carton  or  box. 

OTHER  SEALED  PACKAGES. 

In  an  attempt  to  find  a  small  and  attractive  package  for  their  fruit 
one  packing  company  in  California  evolved  a  round  carton  with  a 
cover  that  fitted  over  the  end  like  the  cover  of  a  baking  powder  can, 
as  shown  in  Plate  IV,  figure  1.  A  printed  label  pasted  around  the 
edge  of  the  carton  formed  in  experiment  a  very  effective  seal.  This 
carton  appears  to  be  satisfactory  for  small  packages,  but  the  shape  is 
such  that  more  room  is  required  for  shipment  than  is  the  case  with 
the  square  package,  and  it  is  not  as  practical  for  the  larger  sizes. 
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When  objectipns  to  the  inner  seal  were  presented  the  writer  imme- 
diately investigated  other  possible  methods.  Among  several  which 
were  suggested,  tiie  use  of  a  waxed  sealing  paper  wrapped  around 
bricks  of  fruit  and  sealed  with  a  hot  iron  seemed  very  promising.^ 
It  was  found  that  bricks  of  apricots,  prunes,  and  pears  up  to  10  poimds 
in  weight  could  be  successfully  made  and  wrapped  in  the  waxed  paper, 
and  that  by  placing  a  piece  of  sheet  iron  on  top  of  the  brick  of  fruit 
before  folding  the  paper  over,  a  smooth  surface  could  be  obtained  for 
the  application  of  the  sealing  iron.  After  the  top  is  sealed  the  sheet 
iron  should  be  quickly  removed.  The  hot  iron  may  then  be  applied 
to  the  ends  of  the  paper,  making  them  tight,  and  afterwards  the  ends 
may  be  folded  up  and  the  brick  placed  in  a  large  carton.  Plate  V, 
figures  1  and  2,  shows  the  effect  obtained  by  using  such  a  paper  seal, 
which,  when  properly  sealed,  renders  the  package  insect  proof.  The 
cost  of  packii^  dried  fruit  in  such  a  package  has  not  been  determined, 
but  the  writer  believes  that  it  will  be  found  economical  in  many 
packing  houses. 

This  method  combines  the  advantages  of  an  insect-proof  package, 
a  5  or  10  pound  unit,  and  a  25  or  50  pound  fiber-board  carton,  which 
is  lighter  and  probably  cheaper  than  the  wooden  box. 

While  in  the  field  the  writer  observed  a  package  formed  of  an 
ordinary  raisin  carton  which  was  sealed  in  a  waxed  sealing  paper. 
The  sealing  was  done  by  machinery  which,  except  for  the  initial 
expense  of  the  machine,  would  make  the  process  very  rapid  and 
economical.  Such  a  package  might  prove  very  efficient  for  dried 
fruits  put  up  in  from  1  to  5  or  even  10  pound  packages. 

Several  packers  have  reported  the  presence  of  mold  in  the  ordinary 
wooden  boxes  of  dried  figs.  Plate  VI,  figure  1,  shows  such  a  condi- 
tion. This  was  observed  to  occur  more  frequently  in  the  sealed  roimd 
boxes  previously  mentioned,  and  it  appears  that  if  the  sealed  carton 
is  to  be  used  for  dried  fruit  the  problem  is  a  very  important  one. 

From  examinations  of  moldy  fruit  and  from  investigations  of  the 
condition  of  the  fruit  when  packed,  the  writer  concludes  that  condi- 
tions favorable  to  the  growth  of  mold  occur  only  when  the  fruit  is 
too  wet  when  packed,  either  through  excessive  processing  or  improper 
drainage.  One  packer  stated  that  when  the  fruit  was  taken  directly 
from  the  hot  dip  and  packed  in  sealed  boxes  a  large  percentage  of  the 
cartons  became  moldy.  On  the  other  hand,  if  the  fruit  was  allowed 
to  drain  thoroughly  and  stand  in  lug  boxes  or  in  a  heap  for  several 
hours  before  being  packed,  the  moisture  became  equalized  and  mold 
rarely  developed.  (PL  VI,  fig.  2.)  To  establish  these  statements 
and  observations  finally  the  following  experiments  were  conducted: 

On  July  28,  1914,  four  lots  of  figs  were  processed  by  dipping  in 
boiling  water  for  one  minute.     Liot  No.  1  was  dried  in  the  sim  untjl 
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Fi&  1.— A  Carton  Wrapped  and  Sealed  by  the  Machine.    (Original.) 


FiQ.  2.— Clean  and  Wholesome;  Moisture  and  Insect  Proof.    Paraffin-Waxed 
Paper  Seal  Applied  to  a  Carton  of  Raisins.    (Original.) 

INSECT-PROOF  PRODUCTS  OF  THE  WRAPPING  AND  SEALING  MACHINE. 
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A  Valuable  Adjunct  to  Insect-Proof  Packing. 

A  carton  TTTapping  and  sealinff  machine,  with  a  capaoity  of  10.000  per  day  of  8  hours,  at  a  total 
C08t  of  less  than  SI  per  thousand.    (Original.) 
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all  the  surface  moisture  was  gone.  Lot  No.  2  was  dried  in  the  sun  a 
few  minutes.  Lot  No.  3  was  allowed  to  drain  and  cool  thoroughly 
in  the  shade.  Lot  No.  4  was  allowed  to  drain  a  few  minutes  and 
was  packed  while  still  hot  and  damp.  All  were  packed  in  Mason 
jars,  infected  with  spores  from  growing  fungus,  and  sealed  up. 

On  examination  one  month  later  no  fungous  growth  was  found  to 
have  developed  on  Nos.  1,  2,  and  3,  but  No.  4,  the  lot  which  was 
packed  wet  and  hot,  had  a  very  good  growth  of  the  fungus. 

The  experiment  was  repeated  on  September  1,  dipping  the  figs  in 
the  hot  water  three  minutes  instead  of  one.  On  examination  two 
weeks  later  it  was  foimd  that  in  lot  No.  1  no  growth  of  fungus  had 
developed.  Li  lots  2  and  3  slight  growths  were  present,  and  in  lot  4 
a  heavy  growth.  The  same  figs  were  used  in  both  experiments,  and 
by  the  time  they  had  been  put  through  the  boiling  water  the  second 
time  their  surfaces  were  softer  and  stickier  than  they  should  be,  and 
hence  were  good  media  for  fungous  growth. 

These  experiments  confirm  the  earlier  observations,  namely,  that  figs 

thoroughly  drained  or  dried  and  cooled  before  packing  are  less  likely 

to  develop  fungous  growth  than  those  packed  while  still  damp  and 

warm. 

A  CABTON  WRAPPING  AND  SEALING  MACHINE. 

Several  machines  are  now  being  manufactured  which  do  away  with 
the  slow  and  expensive  method  of  wrapping  and  sealing  cartons  by 
hand.  Such  a  machine  is  shown  in  Plate  VII.  The  cartons  are  fed 
into  the  hopper  at  the  top  and  the  waxed  paper  is  fed  automatically 
or  by  hand.  The  machine  wraps  the  waxed  paper  neatly  and  tightly 
around  the  carton  and  seals  it  air-tight  by  means  of  electrically  heated 
plates.  One  operator  is  required  when  equipped  with  the  automatic 
paper  feed,  and  two  without.  This  particular  machine  was  made 
to  wrap  cartons  8  by  3  by  3  inches.  It  will  wrap  and  seal  a  mini- 
mum of  25  to  30  per  minute,  or  about  10,000  per  day  of  eight  hours. 
Hie  cost  based  on  this  output,  including  the  waxed  paper,  wrapping, 
sealing,  power  to  operate,  and  wages  of  the  operator,  will  be  less 
thMi  $1  per  1,000.  The  maximum  output  will  be  from  15,000  to 
20,000  cartons  per  day,  with  a  cost  at  this  rate  of  from  $0.80  to  $0.90 
per  1,000. 

At  present,  by  the  hand-wrapping  method,  one  girl  will  average 
1,000  cartons  per  day.  Thus  the  machine  will  easily  do  the  work  of 
a  dozen  or  more  girls. 

The  cost  of  hand-wrapping  the  package  referred  to  is  given  as  $1.75 
per  1,000.  Using  the  miniTnnm  output  of  the  machine  for  compari- 
son, the  saving  in  one  day's  run  would  be  over  $7,  at  which  rate  the 
machine  would  pay  for  itself  in  less  than  four  months,  since  it  may 
be  piu^hased  capable  of  handling  any  size  of  carton  desired  by  the 
purchaser  at  a  retail  price  of  about  $000. 
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A  machine  of  this  nature  would  be  available  and  practical  not 
only  for  wrapping  and  sealing  cracker  and  cereal  cartons,  but  also 
for  raisins,  currants,  figs,  prunes,  and  all  small  packages  of  other 
dried  fruits. 

PREPARATION  OF  A  STERILE  PACKAGE  OF  DRIED  FRUIT. 

A  description  has  been  furnished  of  a  method  of  preparing  packages 
of  cereals  so  that  they  will  not  become  infested.  This  process  is 
being  successfully  carried  out  by  several  large  mUls,  the  only  real 
difficulty  arising  from  the  cost  of  sealing  the  carton.  This  objection 
is  being  gradually  overcome. 

The  process  consists  in  running  the  cereal  through  a  sterilizer  and 
then  through  a  clean  chute  directly  into  an  insect-free  packing  room, 
where  it  is  packed  in  sterilized  cartons  and  sealed.  The  writer  be- 
Ueves  that  such  a  process  can  be  applied  to  dried  fruit,  and  the  follow- 
ing suggestions  are  made  to  that  effect: 

In  order  to  sterilize  the  fruit  so  far  as  insects  are  concerned  it  is 
necessary  to  heat  it  to  180°  F.  With  the  fruits  which  are  regularly 
dipped  in  hot  solutions  this  heating  is  readily  accomplished,  but  in 
the  case  of  those  which  are  dipped  in  cold  solutions  before  being 
packed  the  use  of  the  belt  heater  described  on  pages  7-8  is  suggested. 

After  sterilization  by  one  of  the  foregoing  processes  the  fruit  must 
be  protected  from  reinfestation,  and  the  use  of  the  screened  packing 
room,  a  plan  for  which  is  shown  on  page  8,  figure  3,  and  described 
below,  will  serve  this  purpose  nicely. 

The  fruit  should  be  run  directly  from  the  sterilizer  or  dipping  vat 
into  the  packing  room,  where  it  is  packed  and  sealed.  It  may  then 
be  removed  to  a  warehouse,  and  if  properly  sealed  it  will  not  become 
infested  by  insects. 

THE  SCREENED  PACKING  ROOM. 

A  simple  packing  room  (fig.  3)  can  be  cheaply  constructed  by 
covering  a  Ught  framework  with  lath,  cloth,  and  paper.  The  windows, 
the  floor,  and  all  comers  and  joints  should  be  made  tight,  and  venti- 
lation accomphshed  by  blowing  air  through  an  opening  covered  with 
cheesecloth  or  No.  20  screen  wire.  Such  a  packing  room  can  be 
constructed  to  admit  plenty  of  light  and  air  and  still  be  free  from 
insects.  Whenever  necessary  the  openings  may  be  closed  and  the 
room  thoroughly  fumigated. 

Note.— The  writer  has  observed  as  many  as  10  eggs  of  insects  on  the  inside  of  a  carton  In  a  cereal  mill. 
It  is  advisable,  therefore,  to  sterflize  all  cartons  before  filling  them.  This  may  be  readily  done  by  placing 
a  truck  load  in  a  heating  chamber  over  night  or  during  the  day. 
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SUMMARY  AND  CONCLUSIONS. 

The  forgoing  observations  and  experiments  have  brought  out  the 
following  points: 

A  considerable  financial  loss  due  to  the  infestation  of  dried  fruit  by- 
insects  is  experienced  by  packers,  wholesale  men,  and  retail  dealers. 

There  are  several  species  of  insects  which  attack  dried  fruits  on 
the  Pacific  coast,  but  of  these  the  most  common  and  destructive  are 
the  Indian-meal  moth  and  the  dried-fruit  beetle. 

Infestation  takes  place  in  the  packing  house,  in  the  warehouse,  and 
in  the  grocery  store.  The  insects  find  their  way  to  the  fruit  through 
small  cracks  in  the  boxes  and  between  the  folds  of  the  paper. 

AU  insect  life  is  destroyed  in  fruits  that  are  put  through  the  boiling 
dip,  and  the  processing  of  other  fruits  can  be  accomplished  by  the 
addition  of  the  belt  heater  to  sterilize  all  fruit  so  treated. 

The  use  of  an  insect-free  packing  room  and  steriUzed  cartons  or  con- 
tainers which  are  sealed  before  being  placed  in  the  warehouses  or  cars 
will  protect  the  fruit  from  infestation  unless  the  package  is  broken. 

There  are  several  cartons  and  methods  of  sealing  that  can  be  ap- 
plied to  dried  fruit,  but  their  cost  will  determine  their  practicability. 

The  secret  of  preparing  an  insect-free  package  of  dried  fruit  is  to 
sterilize  it  at  a  temperature  of  180°  F.  and  protect  it  from  future 
infestation  by  the  use  of  the  insect-free  packing  room  and  sealing  in 
sterile  cartons  or  packages. 

The  sealed  carton  not  only  protects  the  fruit  from  infestation,  but 
it  prevents  it  from  drying  out  and  preserves  it  for  long  periods  in  the 
moist  and  attractive  condition  in  which  it  was  packed. 

Moist  fruit  can  be  successfully  packed  in  sealed  cartons,  provided 
attention  is  paid  to  the  moisture  content.  The  fruit  must  be  care- 
fully drained  and  must  not  be  packed  too  hot. 

Machines  have  been  invented  which  will  successfully  wrap  and  seal 
small  packages  of  dried  fruit  at  a  moderate  cost  per  thousand. 

It  is  probable  that  the  time  is  coining  when  it  will  be  as  necessary 
to  put  up  dried  fruit  in  sealed  packages  as  it  is  to  pack  cereals  in 
that  form  to-day. 
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INTRODUCTION. 

The  rapid  growth  of  the  business  of  cooperative  grain  elevators 
has  emphasized  the  importance  of  adequate  accounting  systems. 
It  has  been  realized  that  the  adoption  of  a  uniform  system  suffi- 
ciently comprehensive  to  accommodate  itself  to  the  conditions  pre- 
vailing in  the  grain-producing  States  would  be  a  step  in  advance. 
This  bulletin  describes  a  grain  elevator  accounting  system  which 
has  been  devised  by  the  Office  of  Markets  and  Rural  Organization 
and  which  is  now  being  used  by  representative  elevators  in  seven  of 
the  leading  grain-producing  States. 

In  drawing  up  the  various  forms  comprising  this  system  reference 
has  been  made  to  many  other  systems  now  in  operation.  A  first- 
hand study  of  conditions  existing  in  the  elevator  business  has  like- 
wise had  a  bearing  on  the  final  form  of  this  system. 

Note.— This  bulletin  is  intended  for  all  farmers'  cooperative  and  other  elevators  throughout  the  United 
States.    It  contains  copies  of  forms  and  a  description  of  their  uses  for  a  system  of  accounts  which  is  being 
mommended  by  the  Office  of  Markets  and  Rural  Organization,  United  States  Department  of  Agriculture, 
as  a  unifdnn  system  for  farmers'  cooperative  elevators. 
80e06'— Bull.  236—16 1 
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TYPES  OF  ELEVATOR  ACCOUNTING  SYSTEMS. 

Investigations  in  respect  to  accounting  in  cooperative  grain  eleva- 
tors have  established  the  fact  that  no  system  has  been  generally 
accepted  as  standard.  The  idea  of  double-entry  bookkeeping,  while 
existing  in  a  thorough  sense  in  only  a  limited  number  of  elevators, 
is  followed  more  or  less  vaguely  in  all,  and  for  that  reason  there  is 
found  every  variation  in  type  from  patented  systems  to  mere  hand- 
book entries  kept  in  memorandum  form  for  the  benefit  of  the  manager. 

AH  the  systems  of  bookkeeping  now  existing  in  elevators  may  be 
classified  under  three  general  headings:  Complete  double-entry 
systems  kept  in  the  elevator;  incomplete  systems,  consisting  of 
reports  and  memoranda  kept  in  the  elevator;  and  complete  systems 
of  reports  made  up  at  the  elevator  and  sent  to  some  outside  agency 
where  the  records  of  the  company  are  kept. 

Of  the  three,  the  first  should  prove  the  most  satisfactory  for  the 
reason  that,  although  the  third  system  may  furnish  definite  infor- 
mation, the  details  of  that  information  are  not,  as  a  rule,  within 
easy  reach  of  the  men  who  are  most  interested  in  them. 

The  benefits  to  be  derived  from  a  complete  double-entry  system 
of  bookkeeping,  so  constructed  that  it  can  be  adopted  by  all  ele- 
vators, are:  First,  the  possibility  of  distributing  and  interchanging 
valuable  statistics  among  elevators;  second,  the  training  of  managers 
and  bookkeepers,  so  that  they  will  obtain  a  cumulative  knowledge 
of  elevator  accounting,  thus  making  it  easier  to  procure  competent 
help  in  these  lines;  third,  the  individual  benefit  derived  by  each 
elevator  from  knowing  its  financial  and  business  condition  with 
accuracy  at  short  notice;  and,  fourth,  the  benefit  to  future  buying 
in  being  able  to  ascertain  the  average  net  cost  per  bushel  of  operating 

an  elevator. 

OFFICE  EQUIPMENT. 

No  system  of  accoimts  can  be  efficient  imless  it  is  properly  handled. 
Office  equipment  is  one  of  the  important  factors  relating  to  the 
success  of  office  work.  An  elevator  office  should  be  equipped  with 
fireproof  safes  or  a  vault  in  which  all  valuable  records  of  the  com- 
pany should  be  kept.  It  should  have  proper  filing  devices  and  su£El- 
cient  furniture,  including  a  standard  bookkeeper's  desk,  to  make 
thorough  work  possible.  When  the  business  of  an  elevator  is  large 
enough  to  justify  the  employment  of  a  bookkeeper,  such  trained  help 
should  be  secured,  as,  in  most  instances,  the  elevator  manager  is 
either  without  the  knowledge  or  the  time  to  perform  the  duties  of  a 
bookkeeper. 

TAKING  AN  INVENTORY. 

At  the  end  of  the  business  year  or  at  the  ''cut  off,"  an  inventory 
should  be  taken.     This  should  be  an  actual  physical  inventory,  taken 
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either  by  measurement  of  the  grain  in  the  bins  or  by  running  it  out 
of  the  bins  and  through  a  hopper  or  automatic  scale,  thus  getting 
actual  weights.  The  practice  of  taking  estimated  inventories  by 
reference  to  the  reports  accumulated  during  the  yearns  business  is 
dangerous  and,  in  most  cases,  absolutely  inaccurate.  The  average 
platform  scale  has  a  weighing  error  of  from  3  to  15  pounds  per  60- 
bushel  load.  This  weighing  error  accimiulating  during  a  whole  year 
sometimes  amounts  to  a  shortage  or  *' overage''  of  hxmdreds  of 
bushels.  By  taking  inventories  from  grain  reports,  the  elevator  may 
after  five  or  six  years,  find  itself  with  a  book  grain  stock  out  of  all 
proportion  to  the  actual  grain  on  hand  at  the  time  of  inventory. 
By  taking  an  actual  inventory,  the  shrinkage  or  ** overage"  of  each 
kind  of  grain  is  accounted  for  within  the  year  to  which  it  apphes, 
and,  if  abnormal,  can  be  checked  up  easily  if  an  actual  inventory  has 
been  taken  the  season  before. 

AUDrriNG  THE  BOOKS. 

One  of  the  featin^s  in  elevator  !kK)kkeeping  upon  which  great 
stress  should  be  laid  and  to  which  an  important  position  should  be 
assigned  is  the  auditing  of  the  books  as  soon  as  the  inventory  has 
been  taken.  The  custom  prevailing  among  farmers'  elevators  of 
having  internal  audit  conmiittees  furnished  from  the  board  of  direc- 
tors or  the  stockholders  is  commendable  only  to  the  extent  of  its 
usefulness  in  keeping  the  directorate  in  close  touch  with  the  business 
of  the  elevator.  The  positive  value  of  such  an  audit,  in  so  far  as  it 
is  able  to  detect  errors  of  principle  or  even  clerical  errors,  is  neg- 
ligible, since,  as  a  rule,  the  men  making  the  audit  are  not  especially 
trained  for  such  work  and  use  very  Uttle  time  to  complete  their  re- 
ports. It  should  be  apparent,  then,  that  it  is  good  business  practice 
to  secure  the  services  of  a  certified  pubUc  accountant  who  has  had 
sufficient  practice  in  elevator  accounting  to  be  able  to  give  vital  in- 
formation and  advice  to  the  manager  and  directors  of  the  elevator. 
Internal  audit  committees  may  work  in  conjunction  with  such  an 
auditor,  thus  shortening  the  period  of  his  labors  as  well  as  benefiting 
themselves  by  contact  with  him.  The  item  of  cost  in  connection  with 
the  hiring  of  pubhc  accountants  has  been  the  deterrent  factor  which, 
to  a  great  extent,  has  kept  the  farmers'  elevators  in  the  past  from 
availing  themselves  of  such  services.  By  banding  together,  sev- 
eral cooperative  elevator  companies  might  give  an  accountant  steady 
employment  throughout  the  year  and  secure  his  services  at  a  greatly 
reduced  rate.* 

^  For  forUMT  dfacuasJon  of  aaditing,  see  U.  B.  Department  of  Agrloalture  Bulletin  No.  178— Cooperathre 
Oipmiiation  Business  Methods. 
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HEDGING. 

As  a  protection  or  insurance  against  loss  from  price  fluctuations 
between  the  time  of  purchase  and  the  time  the  grain  is  sold,  an 
elevator  may  hedge  its  holdings.  When  grain  is  taken  into  the 
elevator  it  can  be  immediately  protected  by  its  sale  for  future  dehvery. 
When  the  grain  is  sold  the  hedge  is  taken  up;  that  is,  a  purchase  for 
future  delivery  is  made.  If  the  price  of  cash  wheat  has  fallen  in  the 
meantime,  the  loss  is  counterbalanced  by  the  profit  on  the  hedge,  as 
the  future  price  will  have  decreased  with  the  cash  price.  In  this 
manner  an  elevator  protects  itself  against  loss  by  the  drop  in  the 
price  and  waives  the  profit  which  might  be  made  in  case  the  price 
increased.  Doing  business  in  this  way  eliminates  all  chance  of  large 
losses  or  gains  in  the  fluctuations  in  prices  which  take  place  from  the 
time  the  farmer  is  paid  for  his  dchveries  until  sales  are  made. 

Dealing  in  futures  should  be  allowed  only  where  actual  grain  is 
hedged.  Only  lots  of  5,000  bushels  of  wheat  can  be  bought  or  sold 
for  future  dehvery.  Since  an  elevator  often  desires  to  protect 
smaller  amounts,  commission  firms  generally  will  accept  orders  for 
purchases  or  sales  of  futures  in  smaller  quantities,  say  lots  of  1,000 
or  2,000  bushels.  The  commission  firm  then  assembles  its  various 
orders  and  secures  trades  in  lots  of  5,000  bushels. 

INSURANCE  OF  ELEVATORS. 

The  practice  of  insuring  against  fire  is  a  well-estabhshed  principle 
in  respect  to  all  property,  but  carelessness  in  keeping  insurance  which 
is  sufficient  to  cover  total  loss  has  proven  disastrous  in  many  instances. 
Owing  to  the  marked  fluctuation  in  the  amoxmt  of  grain  on  hand 
during  the  shipping  season,  grain  elevators  particularly  are  likely 
to  be  imderinsured.  For  convenience,  it  is  advisable  to  insure  build- 
ings and  contents  under  separate  policies.  The  policy  covering 
buildings  seldom  varies  in  amount  during  the  year,  but  that  covering 
grain  may  be  subject  to  change.  Some  managers  in  small  towns, 
where  no  insurance  agent  is  stationed,  have  protected  their  grain 
stock  by  insuring  for  maximum  capacity.  Others  make  arrange- 
ments with  the  agent  allowing  for  changes  on  notice,  and  thus  eflfect 
a  saving  in  premiums  paid. 

DESCRIPTION  OF  THE  OFFICE  OF  MARKETS  AND  RURAL  ORGANIZATION 
GRAIN  ELEVATOR  ACCOUNTING  SYSTEM. 

As  this  bulletin  is  intended  to  be  sufficiently  complete  to  enable  an 
elevator  company  to  install  the  system  as  devised  by  the  Office  of 
Markets  and  Rural  Organization,  a  detailed  description  of  the  forms 
comprising  it  is  essential. 
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The  complete  system  includes  15  forms,  as  follows: 

Form  No.  1 — Cash,  journal,  purchase  and  sales  record. 

Form  No.  2 — Record  of  grain  receipts. 

Form  No.  3 — Record  of  grain  purchases 

Form  No.  4 — Record  of  grain  shipments  and  sales. 

Form  No.  5 — Record  of  hedges. 

Form  No.  6 — Record  of  sales  to  arrive. 

Form  No.  7 — ^Patronage  ledger. 

Form  No.  8 — Grain  and  merchandise  report. 

Form  No.  9 — ^Manager's  report. 

Form  No.  lO—Orain  check. 

Form  No.  11 — Scale  ticket. 

Form  No.  12 — Storage  ticket. 

Form  No.  13— Sales  ticket. 

Form  No.  14 — Cash  receipt. 

Form  No.  15 — Cost  analysis. 

For  convenience  of  discussion,  the  description  of  the  foregoing 
forms  will  be  taken  up  in  respect  to  the  order  of  their  use. 

SCALE  TICKET. 

Form  No.  11  (see  p.  26)  represents  the  scale  ticket  adopted  imder 
this  system,  but  it  is  not  essential  that  this  exact  form  should  be 
used,  as  any  scale  ticket  which  records  gross,  tare,  and  net,  and  gross 
dockage,  and  net  of  the  load,  together  with  designations  as  to  the 
owner  and  kind  of  grain,  will  be  satisfactory. 

STORAGE  TICKET. 

In  order  that  aU  grain  may  be  accounted  for  properly  upon  receipt 
by  the  elevator,  the  adoption  of  the  storage  ticket  as  a  means  of 
recording  bushels  and  poimds  received  is  strongly  recommended. 
Form  No.  12  (see  p.  27)  represents  such  a  ticket.  Upon  this  ticket 
are  recorded  the  gross  dockage  and  net  of  all  the  loads  which  have 
been  hauled  in  any  one  day  by  a  single  owner,  as  previously  recorded 
on  scale  tickets.  Storage  tickets  should  be  made  up  at  the  close  of 
business  each  day.  Both  scale  and  storage  tickets  should  be  num- 
bered consecutively  and  printed  in  dupUcate. 

For  convenience  in  referring  to  the  data  entered  on  storage  tickets 
it  is  advisable  to  file  the  tickets  alphabetically  under  two  headings, 
denoting  '^stored  grain"  and  ''purchased  grain.''  By  this  system  of 
filing,  each  patron's  sales  are  kept  together  and  settlement  may  be 
^ected  easily  in  the  case  of  unsold  grain  through  reference  to  this 
file.  A  small  card  file  containing  a  card  for  each  patron  may  be 
found  of  assistance  in  Usting  numbers  of  storage  tickets  and  for 
furnishing  other  information  for  checking  up  the  storage-ticket  files. 

RECORD  OF  GRAIN  RECEIPTS. 

After  having  registered  all  the  receipts  of  grain  on  storage  tickets 
under  the  names  of  their  respective  owners,  entry  should  be  made 
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on  the  record  of  grain  receipts  (Form  No.  2,  facing  p.  20),  where  the 
date,  storage-ticket  number,  the  kind,  grade,  and  bushels  of  grain  are 
noted. 

GRAIN  CHECK. 

In  buying  the  grain  a  special  grain  check  should  be  used  (Form 
No.  10;  see  p.  25),  upon  which  are  recorded,  in  addition  to  the  informa- 
tion usually  contained  in  a  check,  the  number  of  bushels  and  kind  of 
grain,  together  with  the  purchase  price,  minus  any  deductions  for 
storage  or  accounts  receivable,  and  the  resultant  amount  of  the  check. 
Regular  checks  should  be  used  for  all  expense  and  general  items. 

RECORD  OF  GRAIN  PURCHASES. 

These  checks,  being  numbered  consecutively,  are  entered  according 
to  number  upon  the  record  of  grain  purchases  (Form  No.  3,  facing 
p.  20),  where  the  net  bushels,  storage,  and  cost  of  grain  are  recorded 
in  detail. 

RECORD  OF  GRAIN  SHIPMENTS  AND  SALES. 

Shipments  from  the  elevator  are  recorded  upon  the  record  of 
grain  shipments  and  sales.  (Form  No.  4,  facing  p.  20.)  Here  the  date 
of  shipment,  the  party  to  whom  the  grain  is  consigned,  the  car  number, 
and  shipper's  weight  are  recorded.  As  soon  as  the  shipment  has 
been  sold  and  the  returns  have  been  received  the  date  of  sale,  price 
received,  destination,  grade,  and  proceeds  received  for  the  grain  are 
entered. 

RECORD  OF  HEDGES. 

A  record  of  hedges  (Form  No.  5;  see  p.  21)  is  a  form  designed  to 
record  the  transactions  in  futures  bought  and  sold.  The  columns 
designated  *' Purchase  and  sales  accounts''  are  used  to  record  profits 
or  losses  on  hedges,  the  *' Remarks"  column  being  used  to  designate 
the  broker  through  whom  the  profit  or  loss  is  incurred. 

RECORD  OF  SALES  TO  ARRIVE. 

A  considerable  number  of  elevators  selling  grain  ''to  arrive"  have 
no  form  upon  which  the  transactions  can  be  recorded.  Form  No.  6 
(see  p.  21)  represents  a  record  of  sales  to  arrive.  A  brief  study  of  this 
form  will  be  sufficient  to  demonstrate  its  usefulness.  It  has  no  part 
in  the  accoimting  system  except  as  a  memorandum  of  shipments 
made  against  contracts,  but  this  is  important  in  itself. 

MANAGER'S  REPORT. 

Some  elevators  which  are  not  doing  sufficient  business  to  warrant 
the  hiring  of  a  bookkeeper  and  in  which  the  elevator  manager  is  un- 
able to  keep  the  books  have  found  it  convenient  to  secure  the  services 
of  a  bookkeeper  employed  either  in  a  bank  or  some  store  of  the  town 
in  which  they  are  located.     For  such  elevators  a  manager's  report 
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(Form  No.  9;  see  p.  24)  has  been  provided.  Upon  this  report  the 
manager  records  all  the  transactions  in  receipts  and  purchases  of 
grain  and  incloses  duplicates  of  sales  tickets  covering  sales  of  mer- 
chandise and  of  receipts  for  cash.  From  this  form  the  bookkeeper, 
although  not  employed  in  the  elevator,  is  able  to  keep  the  system 
of  records  in  a  satisfactory  manner.  The  records  of  disbxu^ements 
covering  incidental  items  in  most  cases  are  controlled  by  the  secre- 
tary or  treasurer,  and  the  bookkeeper  should  ook  to  him  for  records 
of  this  type. 

PATBONAGE  LEDGKL 

In  a  few  States  cooperative  laws  have  been  enacted  enabling  coop- 
erative organizations  to  distribute  dividends  upon  a  patronage  basis, 
and  for  elevators  operating  under  this  law  a  patronage  ledger  has 
been  devised  (Form  No.  7;  see  p.  22),  upon  which  are  recorded  the 
individual  purchases  and  sales  of  merchandise  under  the  name  of  each 
customer. 

CHAIN  AND  MERCHANDISE  REPORT. 

At  the  end  of  the  year,  just  before  balancing  the  books,  an  inven- 
tory of  all  merchandise  on  hand  should  be  taken.  Form  No.  8,  grain 
and  merchandise  report  (see  p.  23),  has  been  provided  with  suitable 
headings  so  that  the  amounts  of  grain  and  merchandise  on  hand  can 
be  recorded.  This  form  serves  a  valuable  pmpose  in  giving  the  value 
of  net  and  stored  grain  on  hand  at  date,  from  which  comparisons  can 
be  made  showing  the  amount  of  stored  grain  sold. 

CASH.  JOURNAL,  PURCHASE,  AND  SALES  RECORD. 

Previously  it  has  been  usual  to  provide  a  cashbook,  journal,  and 
daybook  imder  separate  forms  in  elevator  systems.  In  the  system 
herein  described  these  books,  together  with  a  record  of  purchases, 
have  been  incorporated  into  one  form  (Form  No.  1,  facing  p.  20),  called 
the  cash,  journal,  purchase,  and  sales  record.  As  aU  the  forms  com- 
prising this  system,  with  the  exception  of  reports  and  the  patronage 
ledger,  are  iixJoose-leaf  form,  they  may  be  contained  in  one  binder 
(and  the  consoUdation  of  four  books  under  one  form  is  a  further  con- 
densation of  the  work).  In  the  cash,  journal,  purchase,  and  sales 
record  are  recorded  all  regular  -cashbook  entries,  such  as  receipts  of 
money  and  disbursements  through  checks,  together  with  all  journal 
entries  and  records  of  local  sales  of  merchandise.  Purchases  of  ma- 
terial such  as  flour,  coal,  etc.,  are  recorded  imder  "Purchases,''  giving 
pounds  and  amoimt. 

SALES  TICKET. 

Ail  the  local  sales  of  merchandise  are  originally  entered  upon  the 
sales  ticket  (Form  No.  13;  see  p.  28),  and  these  sales  tickets  are  made 
up  in  pads  of  50  originals  and  dupUcates,  numbered  consecutively. 
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CASH  RECEIPT. 

All  receipts  of  money  other  than  checks  are  recorded  upon  a  cash 
receipt  (Form  No.  14;  see  p.  29).  It  is  quite  essential  that  such  a 
receipt  be  used,  as  the  practice  of  receiving  scrip  or  coin  without 
making  a  record  of  the  transaction  at  the  time  of  receipt  often  leads 
to  discrepancies  which  are  difficult  to  account  for  later. 

COST  ANALYSIS. 

A  feature  of  this  system  and  one  upon  which  considerable  emphasis 
should  be  laid  is  a  cost  analysis  (Form  No.  15;  see  p.  30),  by 
which  the  relative  amounts  of  grain  handled  and  the  actual  and 
relative  cost  per  bushel  a^re  determined.  Upon  this  form  a  determina- 
tion of  the  percentage  of  cost  in  handling  merchandise  is  also  worked 
out.  The  value  of  knowing  the  ratio  of  costs  in  the  operation  of  a 
business  is  a  well-estabUshed  essential  in  many  commercial  enter- 
prises, and  it  is  no  less  important  to  the  successful  operation  of  grain 
elevators. 

In  conjunction  with  this  system  any  double-entry,  loose-leaf  ledger 
accommodating  general  accounts  and  accoimts  receivable  may  be 
used.  To  be  assured  of  the  correctness  of  entries,  it  is  advisable  that 
a  trial  balance  be  taken  from  the  ledger  at  the  end  of  each  month.* 

INSTRUCTIONS  FOR  OPERATING  THE  SYSTEM. 

RECORD  OF  GRAIN  RECEIPTS. 

The  record  of  grain  receipts  (Form  No.  2,  facing  p.  20)  is  a  consecu- 
tive record  of  the  receipts  of  grain  as  shown  on  the  storage  tickets. 
Having  entered  the  storage  tickets  consecutively  for  the  period  of  a 
month,  distributing  the  grain  under  the  proper  colunms  and  record- 
ing it  under  gross  dockage  and  net,  in  bushels  and  poimds,  we  may 
at  the  end  of  the  month  total  this  form  to  arrive  at  the  total  grain 
receipts  for  the  period.  The  totals  of  the  record  of  grain  receipts  are 
then  carried  to  the  grain  report  opposite  the  words  '*  receipts  this 
period.^'  As  the  business  progresses  from  month  to  month,  each 
month^s  total  should  be  kept  separate;  and,  at  the  same  time,  a  total 
should  be  drawn  down,  including  the  current  month  and  the  previous 
months  of  the  current  year.  This  total  is  also  carried  to  the  grain 
report  opposite  the  words  ''gross  receipts.''  Under  this  system  all 
grain  is  considered  as  theoretically  stored  regardless  of  whether 
it  is  piu'chased  at  the  time  of  deUvery  or  actually  held  in  storage. 
This  method  is  followed  because  it  insures  the  proper  accounting  for 
every  bushel  of  grain  which  comes  into  the  elevator. 

1  See  U.  S.  Department  of  Agriculture  Bulletin  No.  178,  "Cooperative  Organization  Business  Methods," 
for  further  explanation  of  the  value  of  trial  balances. 
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RECORD  OF  GRAIN  PURCHASES. 

The  record  of  grain  purchases  (Form  No.  3,  facing  p.  20)  is  a  record 
of  the  net  bushels  and  value  of  the  grain  purchased,  together  with 
storage  which  has  accrued  on  the  grain  up  to  the  time  of  purchase. 
Both  the  bushels  and  value  of  all  grain  recorded  on  this  form  should 
be  totaled  on  dates  to  agree  with  the  totals  of  the  record  of  grain 
receipts.  Like  the  record  of  grain  receipts,  the  record  of  grain 
purchases  should  be  totaled  monthly.  The  totals  showing  the 
amount  purchased  for  the  year  are  carried  to  the  grain  report  opposite 
"gross  purchased."  The  total  amount  of  all  checks  issued  for 
grain  in  any  month  should  be  carried  to  the  cash,  journal,  purchase, 
and  sales  record  and  there  entered  in  the  *'bank  withdrawal"  column 
in  one  amoimt.  The  total  cost  of  the  various  grains  is  then  carried 
to  the  debit  of  the  ''grain  accounts"  in  the  ''general  ledger"  column 
of  the  same  form,  this  constituting  a  consolidated  cash  entry  for 
all  the  transactions  in  grain  purchases  for  the  month.  Where 
storage  charges  are  represented,  they  should  be  credited  to  the 
"storage  accoimt"  in  the  "general  ledger"  column,  and  in  such 
cases  the  cost  of  grain  should  equal  the  amount  of  the  check  plus 
the  storage  charges,  because  the  storage  charges  are  deducted  from 
the  grain  cost  in  order  to  arrive  at  the  amount  of  the  check. 

RECORD  OF  GRAIN  SHIPMENTS  AND  SALES. 

The  record  of  grain  shipments  and  sales  (Form  No.  4,  facing  p.  20) 
carries  a  record  of  all  cars  shipped  and  the  net  returns  from  each 
shipment.  The  proceeds  from  each  variety  of  grain  should  be 
totaled  and  posted  at  the  end  of  the  month  to  the  credit  of  "grain 
accounts"  in  the  general  ledger.  The  items  in  the  "net  proceeds" 
column  should  be  posted  to  the  debit  of  the  grain  commission  accoimts 
represented  in  the  "shipped  to"  column.  The  monthly  totals  of 
bushels  from  this  form  should  be  carried  to  the  grain  report  opposite 
"shipments  and  sales  this  period."  In  the  operation  of  this  form 
it  will  be  found  that  some  of  the  shipments  for  any  month  wiU  be 
still  standing  out  as  grain  in  transit  at  the  end  of  the  month.  In 
b^inning  a  new  month,  the  Ist  of  April,  for  instance,  it  would  be 
necessary  to  make  an  entry  for  the  month  of  March  as  follows: 
"Total  March  returns  on  February  shipments";  opposite  this 
would  be  set  down  in  total  the  net  returns  of  all  February  ship- 
ments which  had  been  received  during  March.  In  order  to  avoid 
confusion,  however,  reference  should  be  made  to  February  entries 
for  posting  to  the  individual  "commission  accounts."  By  this 
method  the  total  returns  on  all  grain  will  have  been  posted  to  the 
proper  "commission  accounts"  by  individual  postings.  Although 
we  post  only  totals  to  the  credit  of  the  "grain  accounts,"  the  total 
receipts  on  each  kind  of  grain  shipped  during  the  previous  month 
89896*'— Bull.  236—15 2 
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and  returned  during  the  current  month  can  be  added  in  with  the 
March  shipments  and  returns  in  order  to  arrive  at  the  total  amount 
of  returns  for  the  month  of  March.  This  same  method  will  apply 
if  a  car  shipped  in  February  should  not  bring  returns  until  April, 
as  the  February  entry  would  show  that  the  car  was  still  standing 
out  through  the  month  of  March. 

RECORD  OF  HEDGES. 

A  record  of  hedges  (Form  No.  5;  see  p.  21)  is  essential  to  the 
proper  hedging  of  grain,  and  this  account  should  be  kept  up  to  date. 
On  this  form  colunms  have  been  provided  giving  all  the  necessary 
information  for  keeping  the  accounting  record  of  grain  hedges. 
Profit  or  loss  on  hedges  should  be  posted  to  the  general  ledger  to 
the  debit  or  credit  of  the  *^conmiission  account"  represented  and 
to  the  debit  or  credit  of  ''profit  and  loss  on  hedges/'  as  the  case  may 
be.  It  may  be  considered  that  any  profit  or  loss  on  hedging  could 
as  properly  be  charged  or  credited  to  the  grain  against  which  it 
applies,  but,  as  it  is  important  to  know  just  how  much  the  hedging 
of  grain  costs,  it  is  much  better  to  carry  a  ''profit  and  loss  on  hedges" 
account  until  the  end  of  the  year,  when  this  accoimt  may  be  written 
off  to  the  several  grain  accounts  if  desired. 

RECORD  OF  SALES  TO  ARRIVE. 

Under  the  description  of  the  system  (p.  6)  will  be  found  sufficient 
information  regarding  this  form  (Form  No.  6;  see  p.  21),  for,  as 
it  is  only  an  auxiliary  record  for  memorandum  use,  it  has  very  Uttle 
to  do  with  the  operation  of  the  system. 

PATRONAGE  LEDGER. 

At  convenient  periods  during  the  year  reference  should  be  made 
to  the  grain  checks  and  to  the  sales  tickets,  and  the  amount  of 
merchandise  recorded  thereon,  both  in  purchases  and  sales,  should 
be  posted  to  the  patronage  ledger  (Form  No.  7;  see  p.  22),  under  the 
account  of  the  customer  with  whom  the  transaction  was  held.  It  is 
essential  only  that  this  material  be  compiled  by  the  end  of  the  year, 
so  that  proper  reference  may  be  made  to  it  as  the  basis  for  paying 
patronage  dividends.  Each  customer's  account  is  totaled  and  the 
rate  of  dividend  per  bushel  or  per  pound  is  entered  in  the  upper 
r»j:ht-hand  corner.  Using  this  ledger  as  a  basis,  checks  for  the  amount 
to  which  each  customer  is  entitled  can  be  made  out,  and  dividends 
distributed  acconiingly. 

GRAIN  REPORT. 

The  grain  rejx>rt  (Form  No.  8:  see  p.  23)  is  designed  to  keep  the 
niana^^r  and  directorate  in  close  touch  with  the  condition  of  their 
Kram  stwk  at  the  end  of  any  month,  or,  in  fact,  at  anv  time  at  whicii 
Haituioius  of  the  various  entries  on  the  grain  forms' may  be  m^de. 
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Assuming  that  an  elevator  starts  its  current  year  with  a  certain 
balance  of  grain  on  hand,  as  shown  by  the  inventory,  at  the  end  of  the 
first  month,  by  adding  ''receipts  this  period*'  to  "balance  last 
report,''  the  result  will  be  ''gross  on  hand."  By  deducting  from  this 
the  "shipments  and  sales  this  period,"  the  difference  will  be  the 
"net  grain  stock  on  hand."  It  is  always  important  for  a  manager 
to  know  whether  the  grain  which  he  has  on  hand  belongs  to  the 
elevator  in  whole  or  in  part,  or  is  partly  or  entirely  stored  grain. 
By  subtracting  the  gross  amount  of  bushels  of  grain  purchased  from 
the  gross  receipts  the  total  amount  stored  at  date  will  be  shown. 
Should  this  be  greater  than  the  net  on  hand,  it  will  indicate  that 
some  grain  which  has  been  stored  has  been  sold  without  being  pur- 
chased from  the  owner  of  the  grain — in  other  words,  that  there  has 
been  an  amount  of  stored  grain  sold.  Should  the  total  stored  at 
date  be  less  than  the  net  on  hand,  then  the  difference  between  the 
two  would  be  the  amount  of  purchased  grain  on  hand. 

MERCHANDISE  REPORT. 

The  merchandise  report  (Form  No.  8;  see  p.  23)  serves  merely  as  an 
inventory,  giving  the  total  on  hand  at  the  last  inventory,  purchases, 
sales,  and  net  on  hand,  which  should  agree,  allowing  for  proper 
deductions  or  additions,  with  the  actual  inventory. 

CASH,  JOURNAL,  PURCHASE,  AND  SALES  RECORD. 

The  cash,  journal,  purchase,  and  sales  record  (Form  No.  1,  facing 
p.  20)  differs  from  ordinary  books  of  first  entry  in  that  both  the 
debit  and  credit  entries,  which  are  to  be  posted  later  to  the  ledger, 
are  of  necessity  entered  on  this  form  before  it  can  be  balanced. 

The  debit  colimins  of  this  form  are  designated  as  follows: 

Date. 

Folio. 

Cash. 

Bank  deposits. 

General  ledger. 

Accounts  receivable  ledger. 

Hard  coal  (lbs ,  amount ). 

Soft  coal  (lbs ,  amount ). 

There  are  also  provided  four  columns  in  blank  which  may  be  used 
to  suit  the  convenience  and  requirements  of  the  individual  elevator. 
The  credit  columns  comprise  the  following: 

Check  number. 

Folio. 

Bank  withdrawals. 

General  ledger. 

Accounts  receivable  ledger. 

Sales  ticket  number. 

Hard  coal  (lbs ,  amount ). 

Soft  coal  (lbs ,  amount ). 

Miscellaneous  grain  (lbs ,  amount }. 
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There  are  also  blank  columns  to  be  used  as  desired. 
A  column  is  provided  between  the  debit  and  credit  sides,  marked 
*' Items/'  in  which  are  written  all  items  and  an  explanation  of  them. 

Debit  Columns. 


In  order  that  an  accurate  check  may  be  had  upon  the  amount  of 
money  received  so  that  an  identical  amoimt  may  be  deposited  each 
day,  all  cash  receipts  of  whatever  nature  should  be  entered  in  the 
'*cash''  column.  These  entries  are  footed  daily  and  represent  the 
amount  of  the  deposit  and  are  not  carried  forward  during  the  month, 
all  deposits  being  set  down  in  the  *'bank  deposits"  column  as  the 
deposit  is  made. 

BANK   DEPOSITS. 

In  some  instances  where  drafts  are  drawn  directly  agamst  com- 
mission companies  by  the  bank  the  money  is  not  received  at  the 
elevator,  ahd  in  such  cases  the  deposit  of  drafts  may  be  made  directly 
into  the  **bank  deposits"  column.  In  this  way  the  *'bank  deposits'* 
column  would  include  the  total  receipts  at  the  elevator  plus  all 
receipts  of  drafts  at  the  bank,  and  the  total  of  this  column  carried 
forward  during  the  month  shoidd  equal  the  sum  of  the  deposits  in  the 
bank  pass  book. 

GENERAL   LEDGER. 

The  ** general  ledger"  column  is  provided  for  entry  of  all  items  to 
accounts  in  the  general  ledger  for  which  no  special  columns  are  pro- 
vided, and  postings  should  be  made  in  detaU  from  this  column  to 
accounts  in  the  general  ledger. 

ACCOUNTS   RECEIVABLE   LEDGER. 

The  accounts  receivable  ledger  carries  items  for  all  local  accoimts 
receivable,  and  items  in  this  column  are  posted  in  detail  to  accoimts 
in  the  accounts  receivable  ledger. 

PURCHASES. 

Under  the  heading  "Purchases"  will  be  foimd  columns  designated 
''hard  coal,"  "soft  coal,"  etc.,  in  pounds  and  amounts.  All  purchases 
of  merchandise  of  this  character  are  entered  in  their  proper  columns 
under  this  heading,  and  the  totals  only  are  posted  at  the  end  of  the 
naonth  to  their  respective  accounts  in  the  general  ledger. 

CREDIT   COLUMNS. 

The  "check  number"  column  accommodates  the  numbers  of  all 
checks  drawn  for  expense  and  general  accounts  other  than  grain 
checks.  The  "bank  withdrawals"  column  records  the  amounts  of 
these  checks.     In  this  column  is  also  entered  the  total  of  the  grain 
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checks  drawn  during  the  month.  The  ^'general  ledger '^  and  ^'ac- 
counts receivable"  columns  serve  the  same  purposes  on  the  credit 
as  were  explained  on  the  debit  side. 

LOCAL  SALES. 

As  aU  the  sales  tickets  are  niunbered  consecutively,  their  niunbers  are 
listed  in  the  "sales  nimiber"  colimm,  and  the  merchandise  in  pounds 
and  amount  is  entered  in  the  proper  column  to  the  credit  of  the  accoimt 
to  which  it  belongs,  such  as  *'hard  coal,"  "soft  coal,"  "flour,"  etc. 
These  colimms  are  totaled  at  the  end  of  the  month  and  the  totals 
only  are  posted  to  the  accounts  in  the  general  ledger.  Only  the 
items  which  are  posted  from  the  general  ledger,  accounts  receivable 
ledger,  and  the  miscellaneous  columns  are  listed  in  detail,  all  other 
columns,  both  debit  and  credit,  being  posted  as  totals.  At  the  be- 
ginning of  the  month  the  first  entry  to  be  made  on  this  form  is  "cash 
balance,"  and  this  should  be  set  down  in  the  "bank  deposit"  column 
as  an  amount  carried  forward.  Because  of  the  fact  that  every  debit 
has  a  corresponding  credit,  the  two  sides  of  this  form  should  always 
be  in  balance,  but  the  fact  that  we  have  carried  forward  the  cash  bal- 
ance, which  appears  on  one  side  only,  must  be  taken  into  considera- 
tion. In  order  that  the  form  should  foot  and  prove  correctly,  it 
should  always  be  out  of  balance  by  the  exact  amount  of  the  cash  entry 
at  the  beginning  of  the  month. 

THE   LEDGER. 

The  ledger  should  be  divided  into  two  general  divisions — one  car- 
rying general  accounts  and  the  other  accounts  receivable— and  may  be 
designated  under  the  headings  "General  ledger"  and  "Accounts  receiv- 
able ledger."     In  the  general  ledger  will  be  foimd  such  accoimts  as: 

(1)  Cash,  which  is  the  monthly  balance  as  shown  by  the  cashbook; 

(2)  "accounts  receivable  control"  account,  to  which  are  posted  debit 
and  credit  totals  in  the  "accounts  receivable"  columns  in  the  cash, 
journal,  purchase,  and  sales  record,  the  individual  items  having  been 
posted  previously  to  the  accounts  receivable  ledger.  This  account 
serves  as  a  proof  of   the   correctness  of  such  individual  postings. 

(3)  Bills  receivable,  including  all  promissory  notes,  time  notes,  bills 
of  exchange,  or  acceptances  receivable. 

It  has  been  the  practice  in  some  elevator  accounting  systems  to 
show  a  subdivision  of  expense  in  the  journal,  but  the  small  number 
of  items  of  this  character  is  much  better  taken  care  of  through  a 
subdivision  of  the  ledger  accounts.  An  ordinary  ledger  page  may 
be  ruled  by  the  bookkeeper  into  seven  or  eight  columns,  and,  as 
entries  to  expense  in  most  cases  are  debit  items,  no  credit  columns 
need  be  provided.     Y?hen  credits  occur  they  should  be  posted  in  red 
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ink  and  deducted  in  the  addition  of  the  items  in  the  column.  The 
several  columns  of  the  expense  account  may  be  headed  "Salaries;" 
"Telephone,  telegraph,  and  electric  light;"  "Taxes;"  "Gasoline;" 
"Repairs;"  and  "Miscellaneous,^'  or  similar  headings  stdtable  to  the 
nature  of  the  expenses  incurred. 

An  accoimt  should  be  provided  showing  the  capital  stock  outstand- 
ing or  the  portion  of  the  net  capital  which  is  used  or  is  available  for 
the  working  of  the  business. 

Separate  accounts  should  be  opened  for  each  kind  of  grain  handled, 
showing  the  amount  and  value  of  grain  purchased  on  the  debit,  and 
the  amount  and  value  of  grain  sold  on  the  credit.  At  the  end  of  the 
year,  by  crediting  these  accounts  with  the  inventory  of  the  kind  of 
grain  specified,  the  net  profit  on  each  kind  of  grain  may  be  deter- 
mined. In  the  case  of  local  sales  of  grain,  it  is  advisable  to  open 
separate  accounts  so  that  a  clear  record  may  be  kept  of  the  amount 
of  grain  sold  locally,  as  well  as  in  car  lots.  These  local  sales  accounts 
should  be  closed  into  the  general  gram  accounts  at  the  end  of  the  year. 

During  the  course  of  a  shipping  season  a  considerable  number  of 
claims  will  arise  against  railroads  for  losses  of  grain  in  transit.  Two 
accounts  should  be  opened  to  accommodate  this  condition:  A  debit 
account — claims  against  raiboads  for  leakage  in  transit,  and  a  credit 
account — loss  and  recovery  on  grain  leakage  in  transit.  These 
accounts  operate  after  the  following  manner:  When  a  car  is  reported 
short  a  certain  number  of  bushels  under  that  recorded  by  the  elevator's 
automatic  scale,  a  charge  is  put  through  against  the  railroad  respon- 
sible in  the  first-named  account,  and  a  corresponding  credit  is  carried 
to  the  latter  account.  When  recovery  is  received  by  remittance 
from  the  raiboad  company,  the  company  is  credited  with  the  amount 
of  the  check.  If  the  check  does  not  cover  the  full  amount  of  the 
claim,  and  no  further  action  is  to  be  taken  looking  toward  its  collec- 
tion, then  a  journal  entry  for  the  remainder  should  be  passed,  credit- 
ing the  account  of  the  railroad  in  the  claims  accoimt  and  debiting 
loss  and  recovery  on  grain  leakage  in  transit.  This  latter  accoimt 
constitutes  an  income  account  and  may  be  written  oflf  direct  to  profit 
and  loss;  or  if  the  composition  of  the  account  is  known,  the  specific 
items  applying  to  certain  kinds  of  grain  may  be  credited  to  the  grain 
accounts. 

The  following  entries  in  the  cash,  journal,  purchase,  and  sales 
record  will  serve  to  illustrate  the  method  of  accounting  for  loss  and 
recovery  on  grain  leakage  in  transit.  When  the  grain  is  reported  lost, 
the  first  entry  to  be  made  is  as  follows: 

Debit  Claims  (B.  &  M.  Railroad) 25.00 

Credit  Loss  and  recovery  on  grain  leakage  in  transit 25. 00 

After  negotiations  with  the  railroad,  assume  that  settlement  by 
an  allowance  of  $15.00  is  received  by  check.     Entry  would  then  be 
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made  of  the  check  showing  '*Cash  debit  $15.00,"  and  '*B.  &  M. 
Railroad  credit  $15.00."  This  leaves  a  credit  of  $25  to  the  account 
for  loss  and  recovery  on  grain  leakage  in  transit,  and  a  debit  to  the 
railroad  of  $10. 

Considering  that  the  transaction  has  been  definitely  settled,  and 
that  no  further  recovery  can  be  made,  the  following  journal  entry 
should  be  passed: 

Debit  Loee  and  recovery  on  grain  leakage  in  transit 10. 00 

Credit  Claims  B.  4  M.  Railroad 10. 00 

This  simply  closes  the  railroad  accoimt,  and  leaves  a  balance  in  the 
loss  and  recovery  on  grain  leakage  in  transit  representing  the  true 
amoimt  of  recovery. 

THE  COST  ANALYSIS. 

The  cost  analysis  (Form  No.  15;  see  p.  30)  has  been  provided 
to  furnish  information  affecting  the  unit  and  relative  cost  of  hand- 
ling grain  and  merchandise.     The  method  of  operation  is  as  follows: 

Opposite  '* Bushels  of  grain  handled'^  should  be  set  down,  first, 
the  total  of  all  grain  taken  into  the  elevator,  this  amount  being  ex- 
tended imder  the  different  kinds  of  grain  as  shown  by  the  footings 
of  the  record  of  grain  receipts,  the  total  grain  taken  in  being  100  per 
cent.  The  relative  percentage  of  each  kind  of  grain  is  then  set  down 
opposite  the  per  cent  mark  imder  the  column  designated.  On  the 
same  line  should  be  added  the  value  of  coal  and  merchandise  sales. 

After  taking  out  an  amount  which  would  seem  to  be  suflBcient  for 
the  selling  of  merchandise,  the  different  kinds  of  expense  applying 
generally  to  all  kinds  of  grain  and  merchandise,  such  as  salary,  in- 
surance, interest,  power,  and  repairs,  are  then  prorated  according  to 
the  grain  percentages.  This  amount  will  be,  necessarily,  more  or 
less  of  an  estimate,  but  a  manager,  by  keeping  accoimt  of  the  time 
spent  on  coal  and  merchandise  sales  in  the  space  of  a  month,  can 
arrive  at  a  fair  basis  for  the  division  of  salaries.  Insurance,  interest, 
repairs,  and  miscellaneous,  relating  to  merchandise,  are  contained 
in  a  few  items  and  can  be  easily  ascertained. 

Such  items  as  *' Power  operating"  apply  only  to  grain.  ''Com 
flhftlling — direct  labor '^  includes  only  that  labor  which  has  been  pro- 
cured especially  for  com  shelling,  and  would  not  include  the  mana- 
ger's or  assistant  manager's  time,  as  their  wages  are  prorated  under 
'*  Salaries."  Car  cooperage  should  be  distributed  according  to  the 
amounts  of  grain  received,  except  in  cases  where  an  account  has  been 
kept  in  the  ledger  showing  the  exact  amoimt  of  cooperage  against 
each  kind  of  grain. 

After  having  prorated  the  different  expense  items,  the  addition  of 
tliese  gives  the  gross  expense.  Returns  from  storage  and  returns 
from  dockage  sold  are  then  set  down  imder  the  kinds  of  grain  which 
haTe  furnished  these  returns,  and  subtracted.     Any  returns  from 
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cobs  sold  are  subtracted  from  cob  com.     The  net  expense  is  then 
ascertained  from  these  subtractions. 

The  total  net  expense  being  100  per  cent,  the  percentage  of  net 
expense  of  each  kind  of  grain  and  merchandise  will  be  determined  as 
being  the  relative  percentage  of  each  to  the  total.  The  net  imit  cost 
of  operation  is  determined  by  dividing  the  amount  of  expense  by  the 
number  of  bushels  handled.  The  net  unit  cost  in  this  operation 
would  be  in  terms  of  cents  or  decimals  of  a  cent.  In  the  case  of  sales 
of  coal  and  other  merchandise  the  net  unit  cost  of  operation  is  repre- 
sented by  a  certain  percentage,  as,  for  instance,  5  per  cent  of  the  gross 
sales,  this  percentage  being  determined  by  dividing  the  net  expense 
by  the  value  of  goods  sold. 

BALANCING  CASH  WFFH  THE  BANK. 

To  determine  the  correctness  of  the  cash  transactions  for  the 
month  the  following  method  will  be  foxmd  simple  and  adequate: 

(1)  Determine  whether  the  *'bank  deposit"  column  agrees  with 
the  bank  pass  book  as  to  individual  deposits.  Be  sure  that  it  is  cor- 
rectly footed. 

(2)  Sort  the  returned  vouchers,  arranging  them  consecutively. 
Compare  them  with  the  entries  in  the  ^'bank  withdrawals"  coluron 
and  ascertain  which,  if  any,  are  missing.  List  the  numbers  and 
amounts  of  all  outstanding  checks  for  the  next  month^s  reference. 
Outstanding  checks  may  be  listed  either  on  an  adding-machine  tape 
or  by  writing  them  into  the  cashbook.  The  diflFerence  between  the 
^'bank  deposits"  and  ''bank  withdrawals"  columns,  plus  the  total  of 
outstanding  checks,  should  equal  the  balance  as  shown  in  the  bank 
pass  book.  No  error,  however  small,  should  be  ignored  in  balancing 
cash  with  the  bank. 

RESERVE  ACCOUNTS. 

RESERVE    FOR   DEPRECIATION   ACCOUNT. 

In  order  to  show  the  true  condition  of  the  plant  a  reserve  for 
depreciation  account  is  essential.  To  this  account  should  be  credited 
annually  a  certain  percentage  of  the  money  invested  in  the  plant, 
and  an  equal  amount  shoiJd  be  written  off  profit  and  loss.* 

RK8ERVE  FOR  BAD  DEBTS  ACCOUNT. 

During  the  operation  of  a  business  where  credit  is  given  to  a  large 
number  of  customers  there  is  likely  to  be  a  loss  on  account  of  uncol- 
lectible debts.  This  amount  may  be  small  one  year  and  large  another. 
For  that  reason  it  is  well  to  set  aside  a  sufficient  amoimt  of  capital 
from  the  yearly  profits  to  offset  such  losses.  To  effect  this,  *' reserve 
for  bad  debts"  should  be  credited  and  '* profit  and  loss"  debited  with 

1  For  further  explanation  of  reserve  for  depreciation  see  U.  8.  Department  of  Agriculture  Bulletin  No. 
178,  "Cooperative  Organixatlon  Business  Methods.'' 
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an  amount  which  experience  would  dictate  is  sufficient  to  take  care 
of  the  uncollectible  debts  of  the  company. 

While  many  elevator  companies  make  a  practice  of  furnishing 
supplies  to  members  and  others  on  credit,  all  suppUes,  if  possible, 
should  be  handled  on  a  strictly  cash  basis.  Any  system  of  extending 
unprotected  credit  requires  a  large  capital  and  often  results  in  con- 
siderable loss. 

RESERVE  FOR  SINKING  FUND. 

In  some  States,  notably  South  Dakota,  where  the  cooperative  law 
is  in  operation,  a  statutory  regulation  requires  that  a  certain  per- 
centage of  the  capital  invested  be  set  aside  each  year  in  a  reserve  for 
sinking  fimd,  so  that  the  company  will  be  in  a  position  to  retire  its 
capital  stock  at  the  end  of  a  given  period.  Companies  operating 
under  such  conditions  should  set  up  a  reserve  for  sinking  fimd  in 
accordance  with  the  requirements  of  their  State  laws. 

Where  the  custom  of  hedging  grain  prevails,  an  accoimt  should  be 
opened  designated  "profit  and  loss  on  hedging."  To  this  should  be 
debited  or  credited  the  losses  or  gains  incident  to  the  hedging  of  grain, 
the  opposite  entry  being  made  to  the  commission  account  handling 
the  business. 

To  determine  the  profit  and  loss  for  the  year,  all  income  accounts 
should  be  credited  and  all  expense  accounts  debited  to  this  account. 
When  the  amount  of  profit  has  been  ascertained,  dividends  may  be 
declared  and  paid,  and  the  remainder  transferred  to  the  surplus 
account. 

After  the  books  have  been  closed  for  the  year,  any  errors  discovered 
affecting  the  previous  year's  business  should  be  entered  in  the  account 
affected  and  carried  to  the  opposite  side  of  the  surplus  account,  the 
profit  and  loss  account  being  reserved  for  the  current  year's  business. 

The  individual  needs  and  the  pecuUar  conditions  surrounding 
elevators  in  different  parts  of  the  United  States  may  require  other 
accounts  besides  those  discussed  above,  and  if  such  is  the  case, 
accoimts  covering  these  special  requirements  may  be  opened  along 
the  same  general  lines  as  those  previously  discussed. 

The  following  balance  sheet  is  submitted  as  a  guide  in  the  arrange- 
ment of  assets  and  liabihties.  Other  asset  and  UabiUty  accounts 
may  appear  on  the  books  of  an  elevator  and  in  such  case  should  be 
included. 
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statement. 
Fabmbrs*  Elbvator  Balance  Shbbt,  Ybab  Ending 

ASSETS. 

Cash $287.50 

Accounts  receivable $3, 208. 00 

Less  reserve  for  bad  debts 400. 00 

2,808.00 

Notes  receivable 325. 00 

Plant  and  real  estate 9,500.00 

Lees  reserve  for  depreciation 1, 300. 00 

8,200,00 

Grain  commission  accounts 860. 00 

Inventory: 

Wheat 1,458.00 

Com 305.00 

Oats 536.00 

Eye 28.00 

Barley 106. 50 

Hard  coal 28L00 

Soft  coal 354. 00 

Other  merchandise  (supplies).- 2, 976. 70 

6,135.20 


18,615.70 


LIABILITIES. 

Accounts  payable 876. 55 

Notes  payable 4, 200. 00 

Capital  paid  in 8, 95a  00 

Surplus 4,589.15 

18,615.70 

SUPPLY  ACCOUNTS  SETTLED  WITH  GRAIN.  ' 

When  requests  are  received  from  patrons  to  deduct  from  the 
amount  due  for  gram  sold  the  amoimt  which  they  may  owe  the  com- 
pany for  suppUes  purchased,  two  grain  checks  should  be  issued.  The 
first  check  should  contain  the  total  number  of  bushels  and  kind  of 
grain  being  purchased,  together  with  the  balance  due  the  patron 
after  deducting  the  amoimt  of  his  accoimt  from  the  full  value  of  tlie 
grain. 

A  second  check  should  then  be  made  without  reference  to  busheb 
of  grain,  and  marked  ''For  a/c  receivable,"  in  the  full  amount  de- 
ducted from  the  previous  check.  This  check  is  then  indorsed  over  to 
the  elevator  by  the  patron  and  both  checks  are  entered  in  the  record 
of  grain  purchases,  the  first  check  going  to  the  patron  and  the  second 
being  deposited  to  the  account  of  the  elevator  as  cash  received.  By 
this  means  both  sides  of  the  transaction  have  been  carried  out  throu^ 
the  only  proper  mediimi  of  settling  accounts,  which  is  cash. 
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FILING  STOBAGE  AND  SALES  TICKETS. 

Another  method  of  compiling  records  as  a  basis  for  the  distribution 
of  patronage  dividends,  which  is  in  operation  in  some  of  the  elevators 
where  the  Office  of  Markets  and  Rural  Organization  has  installed  its 
system  of  elevator  accounting,  may  be  recommended  for  its  conven- 
ience. 

Under  this  method  suitable  drawers  are  divided  into  two  compart- 
ments each  by  transverse  partitions.  Each  front  compartment  should 
be  of  about  one-fourth  the  size  of  the  drawer.  The  back  compartment 
is  then  fitted  with  an  A-B-C  index  conforming  in  height  with  the  ma- 
terial to  be  indexed.  Two  drawers  of  this  description  or  a  drawer 
divided  into  four  compartments  on  the  same  basis  will  be  necessary. 

In  one  drawer  are  filed  the  storage  tickets  and  in  the  other  the  sales 
tickets.  In  some  States,  where  no  grain  is  taken  in  storage,  grain- 
purchase  tickets  are  issued  by  the  elevators,  which  bear,  in  addition 
to  the  usual  information  contained  on  a  storage  ticket,  the  items  of 
price  and  value  of  grain.  These  purchase  tickets  are  contracts  to 
buy  at  a  certain  price,  but  for  the  purposes  of  this  compilation  of 
information  they  may  be  considered  technically  as  storage  tickets. 
The  general  term  "storage  ticket"  will  therefore  be  used  in  the  discus- 
sions of  both  of  these  forms.  All  storage  and  sales  tickets  not  paid 
for  are  filed  consecutively  according  to  niunber  in  the  front  compart- 
ment of  the  drawer  designated  for  each.     This  should  be  done  daily. 

As  checks  are  issued  for  grain  and  payments  received  against  sales 
the  tickets  of  each  kind  covered  by  these  cash  transactions  are  taken 
from  the  numerical  file  and  then  are  placed  in  the  A-B-C  file  imder  the 
name  appearing  at  the  top  of  the  ticket. 

It  often  happens  that  a  storage  ticket  is  issued  under  the  name 
of  one  owner  when  in  reality  it  is  subject  to  joint  ownership,  and  this 
fact  would  seem  to  make  proper  filing  difficult.  Before  purchase  by 
the  devator,  however,  the  true  condition  of  ownership  appears. 

As  each  owner  is  paid  for  his  share,  a  sUp  bearing  the  original  ticket 
number  and  giving  the  name  of  the  owner,  the  bushels,  and  the  kind 
of  grain  is  filed  under  the  proper  letter.  A  notation  is  made  on  the 
original  ticket  of  this  deduction,  and  when  the  last  owner  to  settle 
appears  the  original  is  filed  under  his  name.  Up  to  the  point  of  final 
settlement  the  original  ticket  is  held  in  the  numerical  file. 

At  the  end  of  the  year  the  A-B-C  file  will  contain  all  the  completed 
transactions  grouped  according  to  patrons'  names.  By  use  of  an 
adding  machine  a  complete  list  of  the  data  upon  which  dividends  are 
to  be  paid  can  be  compiled  in  a  few  hours. 

Using  this  method  of  filing  as  a  basis  the  tickets  may  be  entered 
individually  in  the  patronage  ledger  or,  where  conditions  permit,  the 


Digiti 


zed  by  Google 


20  BULLETIN   236,   U.   S.   DEPARTMENT  OF   AGRICULTURE. 

adding-machine  totals  (which  should  first  bo  verified)  may  constitute  ' 

the  only  entry  in  the  patronage  ledger,  thus  saving  a  considerable  ■ 

amount  of  clerical  labor  without  detracting  from  the  accuracy  of  . 
results. 

For  the  convenience  of  those  interested  in  the  system  described 
in  this  bulletin  and  for  those  who  desire  to  have  the  system  printed, 
the  Office  of  Markets  and  Rural  Organization  has  provided  printer's 
copy  of  the  several  forms  for  free  distribution. 

All  elevators  installing  the  system  of  accoimts  may  refer  to  this 
office  any  questions  regarding  its  installation  or  operation. 

A  sectional  post  transfer  binder  has  been  found  convenient  and 
adequate  for  binding  the  accounting  forms.  The  standard  size  is, 
length  over  all,  15  J  inches,  width  10^  inches,  posts  five-sixteenth  inch 
in  diameter  and  7  inches  from  center  to  center. 

CONCLUSION. 

The  foregoing  pages  outline  very  briefly  certain  information 
regarding  operating  grain  elevators,  and  in  particular  describe  the 
methods  used  in  operating  a  system  of  grain  elevator  accounting. 
But  the  simple  keeping  of  the  records  is  not  sufficient.  To  obtain 
benefits  commensurate  with  the  opportunities  open  in  the  field  of 
cooperative  grain  elevators,  the  manager  and  directors  of  the  elevators 
possessing  such  an  accounting  system  should  make  use  of  all  the 
information  which  it  is  able  to  furnish.  If  there  is  a  common  knowl- 
edge among  the  stockholders  that  the  business  of  the  elevator  is 
being  handled  in  a  competent  manner,  and  that  details  and  statistics 
regarding  it  can  be  furnished  at  any  time,  it  will  act  as  a  bond  of 
faith  and  will  secure  the  loyalty  of  the  members  to  their  organization. 
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No. 


WAREHOUSE  SCALE  TICKET. 

OlTice  of  Markets  and  Rural  Organization,  Grain  System  Form  No.  11. 


.,  191 


.  Co. 


At. 


This  ticket  is  not  a  storage  ticket  and  is  not  negotiable.     Is  must  be  exchanged  on 
day  of  issue  for  a  lawful  storage  ticket  or  cash  check. 


Owner . 


Driver On. 


Off. 


Load  of  , 


Grade Dockage  Lbs. 

Signed 


Exchanged  for  Check  No ,  Storage  Ticket  No. 


Agent. 


Pounds. 

Bushels. 

Gross.                       Tare. 

1 
Net.                         Gross. 

Dockage. 

Net 

1 
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Office  of  Markets  and  Rural  Organization,  Grain  System  Form  No.  13. 

No 

SALES  TICKET 
Of 


At 

Sold  to 


Date 


Hard  Coal. 


Gross 

Tare 

Net 

Total  hard  coal 

Soft  Coal. 


Miscellaneous. 


Gross 

Tare 

Net 

Total  soft  coal 

Total  miscellaneous 

Total  sales 
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Office  of  Markets  and  Rural  Oiganfaatlon,  Grain  System  Form  No.  14. 
CASH  RECEIPT 

By 


Received  from '. Date, 


No. 


191.. 


Foi^ 


Amount. 
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[lootzibudoD  from  the  OfBce  of  Markets  and  Rural  Organizatioi] 

Charles  J.  Brand,  Chief. 

April  20,  1915. 


STRAWBERRY  SUPPLY  AND  DISTRIBUTIO^ 

By  Wells  A.  Sherman,  SpecicUist  in  Market  Surveys;  Houston  F.  Walker,  Scientific 
Assistant;  and  0.  W.  Schleussner,  Market  Assistant. 

SCOPE  OF  THE  INVESTIGATION. 

Early  in  the  spring  of  1914  inquiries  were  addressed  by  the  Office 
of  Markets  and  Rural  Organization  to  station  agents  at  all  points 
listed  in  the  trade  papers  as  shipping  strawberries  in  full  carloads, 
and  to  every  cooperative  association  handling  the  crop,  of  which  the 
department  had  any  knowledge,  asking  for  a  record  of  the  car-lot 
shipments  for  1913  and  an  estimate  of  the  shipments  to  be  made  in 
1914.  At  the  same  time  an  effort  was  undertaken  to  build  up  a 
correspondents'  list  of  persons  directly  interested  in  the  commercial 
strawberry  crop  from  whom  reliable  information  on  every  phase  of 
strawberry  marketing  could  be  obtained.  As  soon  as  the  shipping 
season  of  1914  was  ended  the  inquiry  was  renewed  and  has  been  fol- 
lowed up,  until  this  office  now  has  definite  reports  on  the  shipments 
during  1914  from  466  shipping  stations  at  which  strawberries  originate 
in  car  lots  and  a  statement  from  the  transportation  or  shipping 
agencies  as  to  the  number  of  carloads  shipped  from  each. 

It  is  the  primary  purpose  of  this  bulletin  to  present  these  data  for 
the  information  of  the  shipper,  the  distributor,  and  the  consuming 
public,  and  to  invite  the  closest  scrutiny  and  criticism  of  the  figures 
presented. 

The  completion  of  a  siurey  of  this  character  is  found  to  present 
many  difficulties,  and  it  is  fuUy  realized  that  it  can  be  perfected  only 
as  it  is  subjected  to  the  criticism  of  the  trade.  Freely  admitting 
that  this  compilation  and  the  map  showing  graphically  its  most  saUent 
features  can  be  neither  absolutely  complete  as  to  shipping  points  nor 
entirely  accurate  as  to  quantity  of  berries  moved,  it  is  presented  with 
confidence  that  it  is  the  most  comprehensive  survey  of  the  com- 
mercial strawberry  crop  that  has  ever  been  made,  and  it  is  believed 

1  About  96  per  cent  of  the  reports  of  shipments  listed  In  this  pabllcatlon  were  furnished  by  railroad 
oflkcials,  to  whom  grateful  acknowledgment  is  made  for  their  oourtesy  and  assistance. 

NoTS.— This  bulletin  is  of  general  interest  to  strawberry  growers,  shippers,  dealers,  transportation  oom- 
psnlea,  and  consumers,  and  to  all  engaged  in  the  trade  in  berries  and  fruits. 
90800"— Bun.  237—16 

Digitized  by  VjOOQIC 


2  BULLETIN  237,  U.  S.  DEPABTMBNT  OF  AGMCULTUBB. 

therefore  that  it  will  be  found  immediately  useful  to  the  trade.    It 
also  should  serve  as  a  basis  for  valuable  work  in  the  future.  j 

Coincident  with  the  pubUcation  of  this  survey  and  map,  the  Office  , 
of  Markets  and  Rural  Organization  is  attempting  to  inaugurate  a 
limited  tel^raphic  market  news  service  for  the  strawberry  crop. 
The  office  expects  to  secure  reports  by  telegraph  from  all  important 
car-lot  producing  sections,  giving  the  number  of  cars  shipped  daily 
during  the  period  of  important  movement,  together  with  their  desti-  .^ 
nation.  The  attempt  will  be  made  to  keep  this  information  up  to  dat« 
by  securing  the  diversions  as  they  are  ordered,  so  that  at  any  time 
the  actual  number  of  cars  moving  toward  any  one  market  can  be 
readily  ascertained.  Acting  as  a  clearing  house  for  this  information, 
this  office  will  be  able  to  keep  competing  producing  areas  and  all  con- 
suming  centers  advised  concerning  the  total  car-lot  shipments. 

Supplementing  this  service  on  shipments,  there  wiU  be  daily  tele- 
grams from  aU  the  principal  markets  giving  arrivals  and  prices. 
Arrangements  have  been  made  to  secure  these  reports  from  the 
persons  in  each  market  most  deeply  interested  in  the  strawberry 
deal.  A  summary  of  this  market  information  will  be  telegraphed  I 
daily,  collect,  to  every  shipping  association  desiring  the  information. 
The  complete  success  of  this  service,  especially  as  it  is  extended  to 
other  crops,  wiU  depend  very  largely  upon  the  continued  cooperation 
and  assistance  of  the  transportation  companies. 

STRAWBERRY  SHIPMENTS  DURING  1914. 

The  tabulated  statement  which  follows  shows  the  strawberry- 
shipping  stations  and  the  actual  number  of  cars  shipped  from  each 
during  the  1914  season.  It  must  be  kept  in  mind  that  these  data 
cover  only  the  1914  shipments  and  that  seasonal  variation  is  so 
great  that  in  some  cases  these  figures  may  be  far  in  excess  or  much 
below  the  usual  shipments. 

In  some  cases  certain  stations  are  credited  in  the  tabulation  with! 
less  than  car-lot  shipments.  This  is  explained  by  the  fact  that  these 
stations  normally  ship  in  fuU  carloads,  but  owing  to  a  short  crop  at 
other  abnormal  conditions  in  1914  they  did  not  ship  their  customary 
quantities.  These  figures  are  grouped  by  States  and  by  shipping 
districts.  Counties  are  ignored  in  the  tabulation,  since  county  lines 
are  without  significance  in  a  survey  of  this  kind,  which  is  not  based  on 
census  data. 

In  the  region  bordering  on  Chesapeake  Bay,  Lake  Michigan,, 
the  Hudson  River,  San  Francisco  Bay,  and  Puget  Sound  shipments 
by  boat  are  of  considerable  importance.  Some  difficulty  has  beeoi 
experienced  in  obtaining  accurate  reports  for  these  shipments.  It  ia 
believed,  however,  that  the  figures  for  this  class  of  shipments  ape- 
fairly  complete.  In  all  such  cases  the  quantity  reported  as  shippedL 
by  boat  has  been  reduced  to  equivalent  carloads;  for  instanoQkyi 
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Benton  Harbor  to  St.  Joseph,  Mich.,  reported  225,000  cases  by  boat,  and 
this  was  tabulated  as  an  equivalent  of  225  carloads.  The  figures  for 
the  Norfolk  region  were  obtained  mainly  from  the  various  selling  asso- 
ciations, and  it  is  believed  that  they  include  the  shipments  by  boat. 

Our  designation  of  the  various  shipping  districts  is  arbitrary,  but  is 
believed  to  follow  in  general  the  custom  of  the  trade.  The  point  at 
which  the  largest  shipments  originate,  or  the  point  at  which  the 
industry  first  attained  commercial  importance,  usually  gives  its  name 
to  the  entire  shipping  district  which  later  grows  up  around  it.  This 
is  exemplified  by  the  Independence  district  in  Louisiana  and  the 
Judsonia  district  in  Arkansas.  These  are  the  names  best  known  to 
the  trade  in  the  markets  where  the  bulk  of  these  berries  are  handled. 
Experience  with  the  proposed  news  service  may  enable  a  better 
system  of  designation  for  points  of  origin  to  be  developed,  but  for  the 
present  the  usages  of  the  trade  wiU  be  followed. 

The  accompanying  map  indicates  the  actual  shipments  in  the 
season  of  1914.  Each  dot  represents  five  cars,  except  in  coimties 
showing  only  one  dot,  in  which  cases  the  dot  may  represent  from  one 
to  five  cars.  These  dots  are  grouped  in  the  coimty  in  which  the 
station  is  located,  although  it  is  well  known  that  production  does  not 
actually  follow  the  county  lines.  In  cases  where  the  shipments  were 
too  heavy  to  be  represented  by  dots,  the  coimties  have  been  blackfed 
in  and  the  actual  number  of  cars  shipped  given  in  figures.  The  size 
of  the  blackened  area  is  not  directly  in  proportion  to  the  quantity 
shipped,  as  the  tabulation  plainly  shows.  This  is  noticeably  apparent 
in  the  case  of  California.  Thus,  from  the  Santa  Clara-Santa  Cruz 
section  approximately  1,500  cars  were  shipped  in  1914,  while  from 
the  Castleberry  section  but  177  cars  were  shipped;  yet  on  the  map 
the  blackened  areas  appear^ equal.  This  apparent  discrepancy  arises 
from  the  necessity  of  treating  the  county  as  the  unit  when  presenting 
data  on  an  outline  map. 

The  dates  within  which  the  various  areas  ship  are  shown  by  curved 
lines,  all  of  the  areas  shipping  at  a  given  period  being  grouped  into 
a  zone  imder  the  line  representing  that  period.  Regular  commercial 
shipments,  other  than  from  Florida,  commence  in  March  in  Texas 
and  Louisiana,  gradually  moving  north  imtil  the  season  ends  in  July 
with  the  berries  from  northern  Wisconsin.  This  statement  excludes 
Colorado  and  California,  where  the  shipping  season  is  greatly  pro- 
longed. The  map  thus  shows  at  a  glance  from  what  sections  each 
producing  area  may  expect  the  keenest  competition. 

This  same  information  is  illustrated  in  a  different  manner  by  the 
chart  on  page  5.  In  this  chart  the  length  of  each  figure  from  left  to 
right  shows  the  season  in  which  car-lot  shipments  move  from  the  district 
named.  The  areas  represent  graphically  the  number  of  cars  shipped 
and  are  based  on  the  figures  opposite  in  the  right-hand  colimm. 
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The  districts  arc  arranged  from  the  top  to  the  bottom  of  the  page 
according  to  the  opening  dat<*s  of  the  shipping  seasons.  By  glancing 
down  the  cohnnn  for  each  month  one  can  see  not  only  which  districts 
have  overlapping  shipping  seasons,  but  also  the  relative  amoxmts 
being  shipped  from  each  district. 

In  drawing  up  this  chart  it  was  assumed  arbitrarily  that  the  num- 
ber of  cars  shipped  from  one  district  was  the  same  each  week  from  the 
beginning  to  the  end  of  the  shipping  season.  Inasmuch  as  the  ship- 
ments gradually  increjise  from  the  beginning  of  the  season  until  they 
reach  a  maximum  at  the  time  the  bulk  of  the  crop  is  moving,  then 
gradually  fall  off  until  the  end  of  the  season,  the  diagram  might  be 
misleading.  However,  the  chart  shows  in  a  general  way  the  over- 
lapping or  competing  of  the  different  districts  and  forms  the  basis 
for  future  work  of  a  more  accurate  natm'e. 

A  superficial  study  of  the  map  and  the  tabulation  might  lead  to  an 
erroneous  conclusion  as  to  the  relative  magnitude  of  the  strawberry 
industry  in  Northern  and  Southern  States.  It  must  be  remembered 
that  great  quantities  of  berries  are  grown  in  the  North  in  small  patches 
and  are  shipped  to  market  by  troDey,  by  express,  and  by  l^s  than  car- 
load freight,  while  a  great  many  go  directly  to  the  constuning  centers 
in^  the  producers'  wagons.  Comparatively  few  of  these  shipments, 
however,  are  concentrated  into  carloads  and  shipped  over  long  dis- 
tances except  from  the  northern  districts  on  the  Pacific  coast. 

The  chart  indicates  that  the  eight  most  important  commercial 
strawbeiry  districts  in  1914  were  as  follows,  ranked  according  to  car- 
load shipments:  Central  California,  1,905  cars;  Tennessee,  1,571.5 
cars;  Maryland,  1,569.3  cars;  Delaware,  1,374  cars;  southern 
Louisiana,  1,243  cars;  North  and  South  Carolina,  967.3  cars;  Vir- 
ginia, 779  cars;  Ozark  region,  748  cars.     • 

With  respect  to  the  northern  cities  east  of  the  Mississippi  River,  it 
may  be  said  in  general  that  when  they  are  depending  on  northern 
berries,  each  is  to  a  largo  extent  suppUed  by  its  own  territory.  The 
car-lot  movement  is  light,  and  the  marketing  problem  wholly  different 
from  that  which  confronts  the  shipper  in  the  Carolinas  or  south  of 
the  Ohio  River.  This  is  one  reason  why  the  industry  in  the  South 
has  developed  to  such  large  proportions  within  very  limited  areas. 

While  no  attempt  has  been  made  to  list  stations  where  no  full  cars 
originate,  yet  at  those  stations  where  full  cars  do  originate  the  less  than 
car-lot  shipments  have  also  been  ascertained,  and  have  been  reduced 
to  equivalent  carloads,  and  are  included  in  the  tables  hero  shown. 
Thus  Jefiferson  County,  Ky.,  usually  ships  in  solid  cars,  but  last  sea- 
son being  an  ofif  year,  no  full  cars  went  out,  although  less  than  car- 
lot  shipments  equivalent  to  seven  cars  were  forwarded.  As  this  is 
usually  car-lot  producing  territory,  it  has  been  given  its  proper  show- 
ing on  the  map. 
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Strawberry  shipmentSy  1914. 

[AH  numbers  which  srt  mArked  with  an  asterisk  (*)  are  estimates,  based  upon  the  shipments  for  1913  md 
figures  furnished  lor  the  1914  crop,  previous  to  its  being  marketed.  Figures  for  the  aetoal  shipments  in 
1914  from  these  stations  have  not  been  obtained.] 


Alabama:  Carloads. 

Castleberry  section  (Apr.  15  to  June  1)— 

Castleberry 165. 0 

Atmore '. 28.0 

Canoe 19.0 

Sparta. 6.0 

Boiling 4.6 

Evergreen 1.0 


Total. 


York  section  (Apr.  15  to  June  1)— 

Cuba 

Livingston 

York 


Total. 


Cullman  section  (Apr.  15  to  June  5>— 

Cullman. 

HancevUle. 

Vinemont ^ 

Madison , 


Total 

Thorsby  section  (Apr.  30  to  June  1>— 
Thorsby 


State  totaL. 


Arkansas: 
Southwest  section  (Apr.  25  to  June  1)— 

Horatio 

Camden 

Belton. 

McCaskiU 

Eagle  Mills 

Wickes 

Bearden 

Prescott 


Total 

Judsonia  section  (Apr.  25  to  June  5)— 

Judsonia 

Bald  Knob 

Morrilton 

Searcy 

McRae 

Conway 

Bradford 

Pangburn 

Kussellville 

Beebe 

Austin. 

PlumerviUe 

LesUe 

Russell 


Total. 


Ozark  section  (May  1  to  June  5>— 

Johnson 

Decatur 


222.5 


46wO 
4.5 
1.0 


61.6 


83.0 

16.0 

1.0 

.3 


100.8 


20.0 


394.3 


16.0 
6.0 
4.0 

•3.0 
2.6 
1.3 
1.0 

♦1.0 


33.8 


252.0 

74.0 

37.0 

36.0 

21.3 

9.3 

&0 

&0 

8.0 

6.0 

5.0 

4.0 

2.0 

1.3 


471.9 


35.0 
34.0 
32.0 


Arkansas— (Continued. 
Ozark  section  (May  1  to  Jtme  Sy-Oim. 

Springdale. 

VanBuren 

Dyer 

Farmlngton.. 

Rudy 

Mulberry 

Sulphur  Sinings 

Abbott 

Mount  Comfort 

Fayetteville 

Lilbnm 

.Tonitown. 

Oarfleld 

Highfill. 

(Jentry 

Qravette 

Lowell 

Steele 

Healing  Springs 

Mountainburg 

Greenland 

Lincoln. 

Gave  Springs 

Elm  Springs 

West  Fork 

Hiwassee 

CoalHm 

Wlnslow 

Furry 

Rogers 

Stewart 


Carkiads. 


TotaL 

State  total. 


C&Ufbmia: 
Loe  Angeles  seetfon  (Mar.  1  to  Dea  1>- 

Puente 

Qardena 

Moneta. 

Bwindale 

Azusa 

Olendora 


TotaL :.... 

iacrmmento  seotton  (Mar.  25  to  Aug. 

15)- 

Florin : 

Elk  Grove 

TotaL 

Placer  Ckmnty  section  (Apr.  1  to  June 

1>- 

Newcastle 

Bowman 

Loomis 

Sebastopol 

Penryn 

TotaL 


SIO 
810 
18.0 
15.0 
115 
110 

lao 

&0 

&0 

7.0 

7.0 

7.0 

t6 

6.0 

5.0 

10 

3.0 

•3.0 

10 

10 

L5 

L3 

LO 

LO 

LO 

.5 

.8 

.8 

.0 

.0 

.0 

307.0 

818.0 


177.0 
119.0 
46.0 
17.0 
14.0 
.5 

373.5 


24910 
6.0 

266.0 


CO 
110 
lOlO 
9.0 
10 

"mo 
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(kSfbrnia— Contliraed.  Carloads. 

FnsDo  sectkm  (Apr.  1  to  Ang.  U)— 

Fresno 42.0 

Santa  Clara-^aiita  Gnu  aeotkm  (Ax»r.  1 
toDec.  1)— 

Ollroy,  Sargent,  Vega 1,010.0 

Watsonville 242.0 

Alviso 173.0 

Mountain  View 19.0 

Pajarc 17.0 

Aromas 14.0 

Nflee 13.0 

PaloAlto ♦12.0 

Salinas 7.0 

Agnew 6.0 

SanCarioa 6.0 

CapitoU 4.0 

Lawrence 4.0 

Irvington 3.0 

MenloPark 2.0 

TotaL 1,532.0 

81sidyoaaBctfc«(May»toJulyl6)— 

Pioneer 31.0 

Sisson. 2. 5 

TotaL 33.5 

State  total 2,312.0 

Colorado  (May  20  to  Sept.  1): 

Steamboat  Springs 19.0 

Canon  (3ity 12.0 

Montrose 12.0 

Denver 5.0 

Fhrita .• 3.0 

Florence 2.6 

Longmont 2.0 

(hand  Junction 1.8 

Delta 1.7 

Loveland 1.0 

State  total 60.0 

Connecticut  (June  15  to  July  1): 

Broadbents  Siding 60.0 

Hamden. 24.0 

BranSord 21.0 

State  total 106.0 

Ddaware(Mayl5toJun<a20): 

SelbyviUe 428.0 

Bridgevflla 326.5 

Frankford 104.0 

Mnisboro 91.0 

Seafotd. •    69.0 

(Georgetown. 66.0 

RehobotlL 42.0 

Cannon 39.0 

Delmar 36.6 

Laurel 28.0 

Greenwood — 22.0 

Smyrna 22.0 

DagsbofO 20.0 

Wyoming 20.0 

Linodn 16.0 

FelUm 11.0 

Hartley 10.0 

WoodsWe 10.0 


Delaware  (May  15  to  June  20)— Omtd.     OvloadB. 

Viola ao 

C!heswold 4.6 

Harrington 4.0 

MOford 2.6 

Redden 2.0 

Clayton 1.5 

Hickman. 1.0 

FarmJngton .6 

State  total 1,374.0 

Florida:  == 

Plant  City  section  (Dec.  1  to  Apr.  1)— 

Plant  City 88.0 

Lakeland 6L6 

Dover 6.6 

Kathleen 5.5 

Bowling  <}reen .5 

Waucfaula .5 

Totrf 162.5 

Stark  section  (Feb.  10  to  May  15)— 

Lawtey 178.0 

Stark 177.0 

Hampton 10.0 

MaxvUle 6.0 

Lake  Butler 3.0 

New  River 2.0 

Tbereesa *2. 0 

Total 378.0 

State  total 680.5 

Illinois  (May  15  to  June  20) : 

Anna 100.0 

Villa  Ridge 75.0 

Pulaski 36.0 

Dongola 24.0 

Makanda ^ 17.0 

Cobden 6.6 

Wetaug 4.0 

Ullin 3.0 

Rfebview 2.0 

Baloom .7 

State  total 268.2 

Indiana  (May  25  to  June  25): 

New  Albany 60.0 

Borden 30.0 

Pekin 11.0 

WestviUe 2.6 

State  totaL 108.6 

Iowa  (June  1  to  June  20): 

Keokuk 10.0 

Montrose 8.0 

Cedar  Rapids 8.0 

State  total 21.0 

Kansas  (May  20  to  June  20): 

Wathena 86.0 

Troy 10. 0 

Leavenworth 8.3 

Holton LO 

TroyJunction •5 

State  total.  ..•••. 104.8 
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KflOtcioky  (May  10  to  June  10) :  Carloads. 

Bowling  Qreen 75.0 

Middletown 6.0 

Kings  Mountain 2. 0 

Louisville 10 

State  total M.O 

Louisiana  (Mar.  15  to  May  20): 

Independence 412.0 

Hammond 294.0 

Ponchatoula 240.0 

Tickfaw 105.0 

Amite 84.0 

Albany 66.0 

Natalbany 32.0 

Roseland 5.0 

Corbin 2.0 

Genesee 2.0 

Brookview *1»0 

State  total 1.243.0 

Maryland  (May  15  to  June  30): 

MariwiStaUon 286.0 

Baltimore 201.0 

Pittsville 200.0 

Frultland 143.0 

Ooldsboro 74.0 

Berlin 5a0 

Westover 57.0 

ShoweU 55.5 

PrincessAnne 50.0 

Hopewell 45.0 

Crisfleld 44.0 

Federalsburg 44.0 

Wbaleysville 41.0 

Eden 40.0 

Ridgely 4a0 

Wlllards 40.0 

Mardela  Springs 33.0 

Oreensboro 27. 0 

Walstons 24.5 

Parsonsburg 18. 0 

Kingston 10. 0 

Hebron 9.0 

Salisbury 8. 0 

Loretto 5. 0 

SnowHUl 5.0 

East  New  Market 4.0 

Millington ♦2.0 

Williamsburg 2.0 

Downes *1.0 

Marydel LO 

Secretary n.O 

Preston .3 

State  total 1,569.3 

Michigan  (June  1  to  July  18) : 

Benton  Hurbor-St.  Joseph 225.0 

Bridgman 62.0 

Bangor 14.o 

Sawyer 14.0 

Ludington 8.0 

Oshtemo <3.0 

Rochester ♦2.5 

Covert ♦18 

Lacota mi» 

Paxton ♦^ 

WatwvUet [  \z 


Michigan  (June  1  to  July  18>-€ontd.       Ottloadi. 

FennvQle .0 

Sodus 0 

State  total 32L7 

Minnesota  (June  20  to  July  10): 

LongLake &• 

MaplePlata 5.0 

HowardLake L8 

Deer  Wood 5 

Cedar  Lake '3 

State  total '   1S.7 

Mississippi: 

Oulf  Seetion  (Mar.  20  to  May  15>— 

Bay  St.  Louis 5.0 

Southern  Osyka  Section  (Apr.  1  to  May 
16)— 

Osyka «wO 

Sanford  Section  (Apr.  10  to  May  15) 

Sanford 270 

Lauderdale  Section  (Apr.  15  to  June  1>— 

RusseU a.6 

Central  Durant  Section  (Apr.  20  to  May 
20)- 

Durant 57.0 

Madison 18.0 

Ridgeland 8.0 

West 2.0 

Pickens 1-0 

Tougaloo ••S 

McAdams -0 

Sallis ^ 

Total ».i 

State  total 10»-S 

Missouri  (May  15  to  June  20): 

Monett «.0 

Anderson 48.0 

Neosho 45.0 

Sarcoxie WO 

Logan 810 

Pierce  City 25.0 

Republic 2t0 

Goodman 2D.0 

Butterfield lft.0 

Purdy 18.0 

Seneca 13-0 

Aroma 10.0 

McElhaney ♦UO 

Carthage 8^0 

Larussell •T.O 

Verona ••' 

Belfast 0-k 

Exeter 6^0 

Mount  Vernon *.0 

Pomona OlO 

Wheaton 6.0 

Lutesvllle 5^0 

Diamond •♦•O 

Seligman 4.0 

Billings 10 

T^nftgi^" 10 

Noel 10 

Chadwksk LO 

Glonallen 1-0 

Granby LO 

Koehkonong LO 

Digitized  by  VjOOQIC 


STBAWBEBBY   SUPPLY   AND  DISTHIBUHON   IN   1914. 


9 


XissoQii  (May  15  to  Jane  20)— Contd.      Carloads. 

MarionriDe 1.0 

Stark  City 1.0 

Ricbey .8 

Tipton  Ford .5 

Wentworth .8 

8tate  total 440.1 

K«v  Jeraey  (May  25  to  June  25): 

PortN<ffTls 63.0 

Landisville 58.0 

Moorestown 35.0 

Hammondtcm 25.0 

Vineland 23.0 

Cedarville 20.0 

Newport 1 0. 0 

Egg  Harbor  City 8.0 

Pomona 4.0 

Fairton. 1.2 

Mediord 5 

Rbley .6 

Winslow .5 

State  total 248.7 

New  York  (June  1  to  July  1): 

Highland 60.0 

ADg<^ 50.0 

Mflton 38.0 

Roaeton 21.0 

Oswego 13.0 

ForestviDe 4.6 

CalvertoQ 3.0 

State  total 189.5 

North  Carolina  (Apr.  16  to  Jane  1): 

Mount  Tabor 162.0 

Mount  Olive 145.0 

Chadboum 133.0 

RoseHin 95.0 

Teadieys 66  0 

Clarendon....* 36.0 

Vineland 31.0 

WaDaoe 28.0 

Rocky  Point 20.0 

Abbottsbnrg 18.0 

Bladenboro 17.0 

Bargaw 17.0 

Faiaon 16.0 

Wniard 10.0 

Cerro  Gordo 9.0 

Wards  Cat 7.0 

Aahton 6.0 

Slrod 6.0 

Corrie 6.0 

Montague 6.0 

Watha 3.0 

Magnolia 2.0 

SonJord 2.0 

St.  Helena 2.0 

Warsaw 2.0 

Atkinson 1.6 

Dndley 1.6 

Bowdens 1.0 

Calypso 1.0 

CUnton .6 

KittreU 4 

State  total 838.9 


Ohio  (June  1  to  June  25):  (3arload8. 

Watervflle ♦ao 

Middleport *4.0 

East  Rochester 2.0 

Rutland l.Q 

Dexter .6 

New  Carlisle .8 

State  total 15.9 

Oklahoma  (May  10  to  June  10): 

Salllsaw 6.0 

Muldrow 2.6 

State  total 7.6 

Oregon  (May  26  to  July  15): 

Hood  River 118.0 

Free  Water 40.0 

Milton 23.0 

Springbrook 18.8 

Troutdale 9.0 

Rex 7.6 

Salem 6.0 

Forest  Grove 4. 0 

Cove 3.0 

Dfllard 8.0 

Lebanon 8.0 

Ashland 2.0 

Hillsboro 2.0 

Newberg 2.0 

Union 2.0 

Roseburg 1.0 

State  total 244.3 

South  Carolina  (Apr.  12  to  May  26): 

Loris 79.0 

Conway 24.0 

Adrafai lao 

Sanford 6.0 

Homewood 4.0 

Allen 3.0 

ClarksHiU l.o 

Myrtle  Beach 1.0 

LakeCity .2 

Meriwe&er .2 

State  total 128.4 

Tennessee: 
Chattanooga  section  (May  1  to  June  6)— 

Spring  City 110.0 

Dayton. 109.0 

E  vensville 109. 0 

Bakewell 86.0 

Enoxvflle 80.0 

Chattanooga 24.0 

Sale  Creek 16.6 

Soddy 12.0 

East  Chattanooga 8.0 

Harrlman... 8.0 

Rookwood...*. 6.0 

Roddy 6.0 

Lancing 2.6 

Athens 2.0 

Hixson 2.0 

Cleveland 1.0 

Coulterville 1.0 

Total 481.0 
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Tennessee— Continued.  Carloads. 

Dyer-Sharon-Uumboldt  section  (May  1 
to  June  o)— 

Humboldt 267. 0 

Sharon 83.0 

Currie 72. 0 

Curve 71. 5 

Ripley 70.0 

Ofites 66. 0 

Dyer 64.0 

Kenton 64. 0 

Medina 56.0 

Jackson 52.0 

Bradford 39.0 

Gadsden 35.0 

HalLs 27.0 

Trezevant 25. 0 

Bells 23.0 

Greenfield 18. 0 

Rutherford 13. 5 

Milan 13.0 

Dresdeji ♦lO.  0 

Nashville 6. 0 

Henderson 5. 0 

Henning 4.0 

Trenton 4.0 

Gibson 2.0 

Fruitland .5 

Bartlett .0 

Total 1,090.5 

State  total 1,571.5 

Texas: 
Alvin  section  (Mar.  1  to  May  15>— 

Dickinson 53.0 

Alvin 43.0 

Deep  water 9. 0 

League  City 7.0 

La  Porte 2.5 

Webster .6 

Poteet .5 

Total 115.6 

Artesian  Belt  section  (Mar.  1  to  May 
15)- 

Carrizo  Springs 11.0 

Tyler  section  (Apr.  1  to  May  10)— 

Winnsboro 32.0 

Tyler 29.0 

Llndale 15.0 

Swan 12.0 

Chandler *4.0 

Arp 2.3 


Texas— Continued.  Garloads. 

Tyler  section  (Apr.  1  to  May  10)— Cootd. 

Whitehouse •2.0 

Troup 1.5 

Jefferson LO 

Edge  wood .6 

Cookville 2 

Total 99.5 

State  total 226.1 

Utah  (June  5  to  July  1): 

CentervUle •LO 

Farmington .4 

State  total 1.4 

Virginia: 

Norfolk  section  (May  1  to  June  1) 629.0 

Albemarle  section  (May  1  to  June  5)— 

Cro7et 4.0 

Eastern  Shore  section  (May  5  to  Jane  5).  146. 0 

State  total 779.0 

Washington  (May  20  to  July  15); 

Auburn 102.6 

Kennewlck 56. 3 

White  Salmon 48.5 

Sumner 43. 8 

Spokane 81. 0 

Puyallup 19.0 

Seattle 6.0 

Tocoma 6.0 

Underwood 8.8 

Kent 8.0 

Mabton 8.0 

Prosser 3. 0 

Montesano 1.0 

LjTiden .5 

Opportunity .6 

Sumas • .0 

State  total 827.0 

Wisconsin  (June  5  to  July  15): 

Sparta 20.0 

Bayfield 17.0 

Sturgeon  Bay 7.0 

Saw>er 8. 0 

Mniston 2.5 

West  Salem ♦1.0 

Green  Bay .8 

State  totaL 60.8 

Grand  total '. 14,563.2 
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INTRODUCTION. 

The  cultivation  of  the  sugar  beet  for  the  manufacture  of  sugar  has 
been  developed  in  Europe  into  one  of  the  most  important  industries. 
This  industry  was  transplanted  thence  into  the  United  States,  where 
the  basis  of  labor  costs  and  farm  methods  are  quite  different  from 
those  of  Europe.  Therefore,  American  beet  growers  must  work  out 
many  problems  in  adjusting  their  cultural  practices  to  their  labor, 
soil,  and  climatic  conditions. 

It  is  of  vital  importance,  if  we  are  to  compete  successfully  with 
Other  sugar-producing  coimtries  and  secure  the  lai^est  possible  profit, 
that  the  cost  of  producing  each  ton  of  beets  be  reduced  to  a  minimum. 

Attention  mxist  be  paid  to  details,  in  order  to  check  the  leaks 
responsible  for  low  yields,  for  with  sugar  beets,  as  with  most  of  our 
field  crops,  it  is  unfortunately  true  that  the  average  yield  per  acre 
in  the  United  States,  despite  its  deep,  rich  soils,  is  lower  than  that 
of  any  European  beet-growing  country  except  Russia,  as  may  be 
seen  from  Table  I,  which  shows  the  yields  for  1910  and  1911. 

Doubtless  climatic  variations  between  one  European  country  and 
another  and  between  widely  separated  parts  of  the  United  States  have 
a  perceptible  influence  upon  the  yield,  and  it  is  extremely  probable 
that  the  countries  producing  the  heaviest  yields  are  those  in  which 
the  application  of  thorough  cultural  methods  is  the  more  general. 
It  is  also  true  of  the  United  States,  as  compared  with  European 
countries,  that  the  cost  of  labor  is  high  and  that  land  values  are 
relatively  low,  one  result  of  which  is  that  much  less  labor  to  the  acre 
18  applied  in  this  country  than  in  Europe. 

91341*— Bull.  1 
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Table  l.^Acreage  of  sugar  heeU  and  production  ofmgar  of  seven  of  the  principal  beet- 

growing  countries} 


Country. 


Sogar  pro- 
duction. 


Area  of 

sugar  beets 

sown. 


Yield  of 

sugar  beets 

per  acre. 


Sncar 

ob^med 

frtmi  beets. 


Germany 

Russia 

Austria-Hungary. . 

France 

Belgium 

Holknd 

United  States 


Tow. 

2,864,812 

2,324,486 

1,078,566 

783,025 

312,198 

239,073 

510,172 


Aertt, 
1,160,755 
1,614,780 
913,150 
571,805 
150.176 
122,638 
308,020 


Tom. 
14.84 
8.93 
12.88 
ia63 
14.53 
12.96 
10.17 


PfTtWL 
16.31 
16.12 
14.85 
12.90 
14.31 
1&0« 
12.61 


1  Compiled  from  the  corrected  figures  of  the  International  Assodatian  for  Gathering  Sugar  Statisdcs. 
See  Amer.  Sugar  Indus.,  v.  14, 1912,  no.  1,  p.  24;  no.  2,  p.  21. 

» 
STRIKING  DIFFERENCES  IN  LOCAL  YIELD. 

One  of  the  most  striking  facts  in  our  agriculture  is  the  enormous 
variation  in  yield  obtained  by  different  farmers  in  the  same  district, 
and  often  by  near  neighbors  applying  identical  methods  under  similar 
soil  and  climatic  conditions.  These  differences  can  not  be  attributed 
entirely  to  variations  in  soil,  in  climate,  or  in  the  methods  themselves; 
nor,  in  the  case  of  sugar  beets,  can  they  be  accounted  for  by  varia- 
tions in  the  quahty  of  the  seed,  because  beet  seed  is  invariably  fur- 
nished by  each  sugar  factory  from  its  common  stock.  In  many  dis- 
tricts the  seed  is  sown  by  the  sugar  company. 

True  enough,  there  are  variations  in  soil  and  in  methods,  but  these 
are  not  sufficient  to  account  for  the  great  discrepancies  in  yield  every- 
where to  be  observed.  For  example,  within  a  small  area  under 
similar  soil  conditions,  with  identical  climatic  conditions  and  em- 
ploying like  methods,  one  may  find  a  farmer  rejoicing  as  he  hauls  20 
tons  of  beets  from  each  acre  to  the  factory,  while  his  neighbor  is 
almost  too  discouraged  to  load  his  pitiful  7  or  8  tons  an  acre  into  his 
wagon. 

Of  equal  significance  is  the  fact  that  while  the  yields  from  two  or 
more  individual  fields  may  differ  greatly,  yet  a  glance  over  these 
fields  after  the  fohage  has  attained  some  size,  or  even  soon  afttf 
thinning,  might  fail  to  reveal  any  appreciable  difference  in  the  stand. 
However,  a  careful  examination  of  such  fields  woidd  show  that  in 
general  the  plants  in  some  fields  are  more  widely  spaced  than  in 
others  and  that  gaps,  not  apparent  at  a  distance,  occur  more  or  less 
frequently  in  the  rows.  Beet  growers  fail  to  realize  the  significance 
of  these  apparently  small  deficiencies  in  the  stand. 

In  the  course  of  field  observations  on  sugar  beets  covering  a  period 
of  several  years,  the  local  variations  in  yield  were  seen  to  be  so  re- 
markable that  special  studies  were  begun  in  order  to  ascertain  the 
actual  conditions  prevaihng  in  fields  belonging  to  a  number  of  repre- 
sentative beet  growers  in  old  estabUshed  beet  districts  in  Utah.  These 
studies  were  conmienced  in  1910  and  continued  through  the  seasons 
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of  1911  and  1912,  all  of  which  seasons  were  favorable  in  that  no 
unusual  conditions  arose,  such  as  outbreaks  of  disease  or  invasions  of 
insect  pests;  in  other  words,  they  might  be  called  normal  seasons. 

Care  was  taken  to  select  plats  on  groups  of  farms  having  similar 
soil  conditions  and  where  identical  methods  were  employed.  Cli- 
matic factors  within  each  group  were  identical,  since  each  group  was 
located  within  a  very  restricted  territory.  Notes  were  made  on  the 
condition  and  preparation  of  the  soil,  of  the  dates  of  sowing,  and  of 
the  various  operations  throughout  the  season.  The  farmers  whose 
plats  were  under  observation  were  not  informed  of  the  nature  of  the 
studio,  but  were  left  to  carry  on  their  operations  in  the  accustomed 
manner. 

Primarily,  then,  this  is  an  attempt  to  reveal  the  actual  conditions 
of  commercial  beet  fields  as  they  may  be  found  in  any  average  season 
in  well-established  beet  districts  and  to  ascertain  whether  any  corre- 
lation exists  between  these  conditions  and  the  respective  yields. 

VABUTION  IN  STAND. 

At  an  early  stage  of  these  observations  a  variation  in  the  number 
of  plants  to  the  acre  was  discovered  in  the  fields  mentioned.  This 
was  quite  as  remarkable  as  the  variation  in  yield.  Furthermore,  it 
became  apparent  that  in  the  course  of  the  season  the  percentage  of 
stand  progressively  decreased  to  a  surprising  extent.  The  periods 
during  which  further  losses  in  stand  occurred  indicated  very  clearly 
the  chief  factors  concerned. 

THREE  TYPES  OF  SOIL  STUDIED. 

To  discover  the  conditions  prevailing  on  farms  located  on  the  prin- 
cipal types  of  soil,  plats  were  selected  on  farms  possessing  in  turn 
the  foUowing  types:  (1)  Deep,  sandy  loam,  well  manured  and  in 
excellent  tilth,  where  the  farmers  are  accustomed  to  truck  crops;  (2) 
very  light  sandy  loam,  generally  well  manured  and  in  good  tilth, 
where  intensive  culture  is  practiced  to  some  extent;  and  (3)  heavy 
black  loam,  moderately  well  manured  and  in  fair  tilth,  where  general 
field  crops  are  prevalent  and  much  of  the  work  is  done  by  contract. 

OBSERVATIONS  IN  1910. 

Diuing  the  season  of  1910  observations  were  made  only  in  fields  of 
heavy  black  loam,  and  no  counts  of  the  germination  and  thinning 
stands  were  taken,  the  data  presented  being  based  upon  the  condition 
of  the  harvest  stands,  accompanied  by  general  notes  during  the 
season.    These  data  are  presented  in  Table  II. 

The  small  percentage  of  the  harvest  stands  is  starthng.  The  major 
portion  of  this  loss  was  due  to  careless  spacing  and  thinning.  The 
work  was  done  by  contract  labor,  with  practically  no  supervision. 
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OBSERVATIONS  IN  1911. 

During  the  season  of  1911  general  notes  were  made  of  the  germina- 
tion stands  without  actual  measurements  or  counts.  Seven  fielcU 
were  kept  imder  observation,  including  soil  types  2  and  3,  namdy, 
light  sandy  loam  and  heavy  black  loam.  These  data  also  are  pre- 
sented in  Table  II. 

OBSERVATIONS  IN  1912. 

During  1912  the  studies  were  extended  to  include  all  three  types  of 
soil.  Careful  notes  were  made  of  the  germination  stand  prior  to 
thinning.  The  selected  rows  extended  entirely  across  the  field  in  each 
instance.     The  data  obtained  are  shown  in  Table  II. 

ANALYSIS  OF  OBSERVATIONS. 

The  analysis  of  observations  for  the  season  of  1910,  as  presented  in 
Table  II,  shows  a  complete  correlation  between  yield  and  percentage 
of  stand.  The  small  percentage  of  the  ultimate  stand  is  surprising, 
the  mean  being  only  43.6  per  cent,  and,  although  the  average  weight 
of  the  beets  is  1.453,  1.508,  and  1.492  pounds,  respectively,  the  excess 
over  1  pound  did  not  nearly  compensate  for  the  large  area  occupied 
by  each  plant.  This  deficiency  of  stand  was  caused  largely  by  careless 
spacing  and  thinning.  All  the  work  was  done  by  contract  labor  with 
practically  no  supervision.  The  plats  were  in  adjacent  fields,  where 
the  general  conditions  and  cultural  operations  were  almost  identical 

The  harvest  stands  for  1911,  though  appreciably  better  than  those 
shown  by  the  plats  of  1910,  exhibit  a  mean  of  only  56.155  per  cent 
(Table  II).  The  correlation  between  stand  and  yield  is  rather 
obscured  by  the  special  factors  which  developed  during  the  season 
on  several  plats.  However,  these  factors  throw  additional  sideli^ts 
on  the  studies,  since  their  influence  on  yield  is  very  apparent.  For 
example,  on  plat  A  the  cultural  operations  were  left  almost  entirely 
to  young  boys,  without  oversight.  The  thinning  was  very  care- 
lessly done,  6.89  per  cent  of  the  plants  being  left  in  pairs,  which,  for 
practical  purposes,  means  their  entire  loss.  Weeds  were  allowed  to 
choke  the  beets  for  a  great  part  of  the  season.  On  the  other  hand,  the 
owner  of  plat  B  is  well  known  to  be  a  fine  truck  grower,  who  does  all 
the  work  with  the  assistance  of  his  own  family.  The  soil,  throng 
years  of  intensive  fanning,  is  very  deep  and  mellow. 

Plat  D  is  located  on  much  lighter  soil  than  plat  B,  but  with  a  stand 
of  considerably  lower  percentage  it  yielded  almost  as  much  for  eadi 
acre.  This,  in  connection  with  the  record  of  plats  1,  2,  3,  and  4,  ol 
1912,  brings  out  the  fact,  which  is  contrary  to  the  prevailing  notion, 
that  beets  will  yield  more  heavily  in  deep  light  sandy  soils  if  they  are 
well  manured  than  in  the  somewhat  heavy  lotois  that  have  heai 
regarded  as  more  typical  beet  soils. 
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Plat  E  shows  a  fairly  normal  correlation  between  stand  and  yield, 
while  plat  F  decreases  on  account  of  late  and  careless  thinning,  no 
less  than  9.82  per  cent  of  pairs  of  plants  being  found. 

Plat  G  shows  a  greater  yield  than  plat  E,  because  its  soil  was  very 
well  prepared  and  manured  and  the  cultural  work  done  by  Japanese 
who  were  working  for  themselves. 

Referring  to  the  analysis  of  observations  for  the  season  of  1912,  as 
presented  in  Table  II,  the  plats  in  group  1  were  operated  under 
almost  experimental  conditions.  The  seed  was  sown  imder  the 
direction  of  the  writer.  Two  pairs  of  plats  were  studied,  one  pair  in 
each  of  two  contiguous  fields  possessing  very  imiform  soil.  One 
farmer  worked  plats  1  and  2  while  another  farmer  worked  plats  3 
and  4.  The  rows  extended  entirely  across  each  field.  The  two 
farmers  carried  on  or  supervised  aU  the  cultural  operations.  The 
only  appreciable  difference  in  the  handling  of  the  plats  was  that  the 
seed  was  sown  slightly  deeper  in  one  plat  of  each  pair  than  in  the 
other.  This  resulted  in  more  damping-off  in  the  deeper  sown  plats, 
thus  producing  therein  rather  poorer  stands.  In  this  group  the 
correlation  between  yield  and  stand  is  complete.  From  this  group 
and  plat  D  of  1911  it  would  appear  that  the  optimum  area  per  plant 
is  considerably  greater  in  deep,  light,  well-manured  sandy  soils  than 
in  loams  and  heavy  loams.  In  group  2  a  perfect  correlation  is  shown 
between  yield  and  stand.  At  the  same  time,  the  effect  of  inexperience 
and  lack  of  supervision  is  evident  in  plat  9.  In  group  3  the  corre- 
lation between  stand  and  yield  actually  is  accentuated  by  the 
exception  shown  in  plat  10.  This  discrepancy  is  entirely  accounted 
for  by  the  adverse  conditions  to  which  this  plat  was  subjected. 

CORRELATION  OF  STAND  AND  YIELD. 

In  Table  III  all  the  plats  for  the  three  years  are  arranged  according 
to  the  percentage  of  the  harvest  stand,  beginning  with  the  highest. 
They  are  divided  into  three  groups,  representing  three  soil  types.  In 
this  table  the  percentage  of  the  harvest  stand  is  placed  side  by  side 
with  the  yield  of  each  plat.  This  reveals  a  striking  correlation  between 
the  percentage  of  stand  and  the  yield.  The  apparent  exceptions  are 
accounted  for  by  the  special  conditions  described  under  the  heading 
"Notes''  in  Tables  II  and  III.  Upon  allowing  for  the  adverse  or 
especially  favorable  conditions  mentioned,  it  may  be  said  that  the 
correlation  is  complete. 

In  Table  III  the  means  of  the  yields  of  groups  2  and  3  exhibit  a 
ratio  almost  exactly  equal  to  the  relation  of  their  respective  stands. 
Based  on  the  figures  given,  the  mean  yield  of  group  3  would  be  17.72 
if  the  stand  were  the  same  as  in  group  2. 
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Table  III. — Comparison  of  the  harvest  stands  and  the  yields  ofsiufar  beets  far  the  seasons 

of  1910,  1911,  and  1912. 


Refer- 
ence No. 

Plat  and  season. 

Notes. 

Harvest 
stand. 

Yield  p» 
acre. 

1    

Oroup  1.— Deep  sandy  loam: 
PiatB(1911) 

Deep,  -well-manured  soil;  crops  rotated; 
owned   and   worked   by   experienced 
truck  farmer. 

Rather  deeply  worked,  well-manured  soil, 
in  good  tilth;  crops  rotated;  Nos.  2  and 
5  in  same  field— very  unifonn,  contigu- 
ous to  the  field  in  which  Nob.  4  and  6 
are  located. 

Deeply  worked  soil,  in  fine  tilth;  crops  ro- 
tated; owner's  labor  and  supervision. 

Very  deeply  worked,  well-manured  soil; 
crops  rotated;  blocking  and  thinning 
done  by  contract,  all  other  labor  done 
by  owner;  Nos.  4  and  6  in  same  field- 
very  uniform. 

Same  as  No.  2.  except  that  seed  was  sown 
rather  deeper,  resulting  in  more  damp- 
ing-off  in  the  spring. 

Same  as  No.  4,  except  that  seed  was  sown 
rather  deeper,  resulting  in  more  damp- 
ing-olT  in  the  spring. 

Sofl  not  plowed  so  deeply  as  in  Nos.  2.  4, 
5,  and  6,  but  more  ssndy;  owner's  labor 
and  supervision, 
do            .            

PerceuL 
76.83 

60.54 

49.66 
46.99 

38.57 
37.19 

77.11 

68.20 
64.41 

6a  26 
S9.«2 
52.48 

63.13 

60.12 
52.30 

48.12 

45.71 
45.62 

46.51 
39.-58 
37.98 
29.56 

sass 

2 

Plat3(1912) 

2i.flK 

3  .. 

PlatD(1911) 

26.733 

4 

Platl(1912) 

27  5M 

5 

Plat4(1912) 

19.431 

6 

Plat  2  (1912) 

19.401 

7 

Group  2.— Very  light  sandy 
loam: 
Plats  (1912) 

33  fin 

8. 

Plat6(1912) 

20L8S3 

9 

Plat  A  (1911) 

Very  badly  thinned,  spacing  irregular, 
6.89  per  cent  of  tne  plants  in  pairs; 
choked  with  weeds;  labor  mostly  done 
by  yoime  boys  without  supervision. 

Plants  tardy  in  the  spring,  owing  to  late 
sowing;  soil  in  good  tilth;  owner's  labor; 

Second  sowing;  plants  rather  tardy  in 
the  sprfaig:  soil  hi  good  tilth;  owner's 
labor;  good  farmer. 

Much  of  the  work  done  by  boys,  with  lit- 
tle supervision. 

Ground  not  plowed,  only  disked  and  har- 
rowed; severe  haibtonn  in  mid-August 
defoliated  the  beets. 

Owner's  labor;  conditions  about  normal. . . 

Land  in  good  tilth;  too  mudi  contract 
labor;  2.56  per  cent  of  the  plants  in  pairs. 

Sowed  and  thhined  rather  late,  thimiing 
badly  done;  9.82  per  cent  of  plants  in 
pairs;  contract  labor. 

(Contract  labor;  soil  plowed  about  8  hiches 
deep:  other  conditions  normal. 

Soil   m  good   tilth,   heavily   manured, 
deeply  plowed;  Japanese  working  for 
themselves. 

Like  No.  17 

13.30 

10 

Plat8(1912) 

17.236 

11 

Plat7(1912) 

17.  on 

12 

Plat9(1912) 

13.886 

13 

Group     3.— Heavy     black 
loam: 
Plat  10  (1912) 

9.  SB 

14 

Plat  11  (1912) 

15. 2S 

15 

PlatE  (1911) 

15.407 

16 

PlatF(1911) 

13.3V 

17 

Plat  1(1910) 

13L0e 

18 

PlatG  (1911) 

17.306 

19 

Plat  2 (1910) 

13L40I 

20 

Plat3(1910) 

do 

1L586 

21 

Plat  12  (1912) 

Contract  labor;  conditions  about  normal. . 
Contract  labor;  2.03  per  cent  loss  by  cutting 

an  irrigation  ditch  through  the  plat; 

other  conditions  normaL 

ILm 

22 

Plat  13  (1912) 

ia314 

Mean  of  group  1 .  . 

49.96 
63.71 
46.76 
52.26 

24.66 

Mean  of  iroup  2 



17.6S4 

Mean  of  group  3 

13.007 

Mean  of  aU  plats 

17.433 

SOURCES  OF  LOSS  IN  STAND. 


Sources  of  losses  of  great  magnitude  in  the  stand  are  brought  to 
hght  by  an  examination  of  the  data  presented  in  Table  II.  Hie 
factors  directly  causing  a  decrease  in  the  number  of  plants  to  the 
acre  were  found  to  be  susceptible  of  arrangement  into  three  groups, 
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namely:  (1)  Those  occurring  iii  the  germination  stand  prior  to  thin- 
ning: (2)  careless  and  improper  thinning  and  blocking;  and  (3) 
those  incidental  to  cultural  operations  between  thinning  and  harvest.^ 

SOURCES  OF  LOSS  IN  THE  GERMINATION  STAND. 

The  sources  of  loss  found  between  the  time  of  sowing  and  the  dual 
operation  of  spacing  and  thinning  are  (1)  poor  preparation  of  the 
seed  bed :  (2)  imperfect  operation  of  seed  drills ;  (3)  late  frosts ;  (4)  the 
damping-oflf  disease;  (5)  the  blowing  of  light,  sandy  soils;  (6)  flea 
beetles;  aad  (7)  cutworms  or  wireworms. 

LOSSES  IN  STAND  FROM  THINNING. 

Improper  thinning  was  foimd  to  be  the  greatest  single  source  of 
loss  in  stand,  the  more  serious  because  nearly  imperceptible  and  unsus- 
pected. This  loss  is  caused  by  the  double  operation  of  blocking  and 
thinning.  It  is  one  of  the  most  costly  operations  in  the  cultivation 
of  sugar  beets  and,  strange  to  say,  the  one  most  frequently  intrusted 
to  hired  labor  or  contract  work.  Worse  still,  it  is  seldom  efficiently 
supervised.  Invariably  the  space  loft  between  the  plants  is  greater 
than  the  farmer  imagines  or  intends.  When  the  plants  have  attained 
a  moderate  size,  it  is  almost  impossible  to  distinguish,  without  coimt- 
ing,  between  stands  of  50,  60,  or  80  per  cent. 

LOSSES  FN  THE  HARVEST  STAND. 

The  difference  in  the  percentage  of  stand  between  that  shown  imme- 
diately after  thinning  and  that  existing  at  harvest  time  is  to  be 
attributed  to  inefficiency  in  the  cultural  operations  during  the  inter- 
vening period.  Some  of  these  losses  are  caused  by  the  eradication  of 
plants  with  the  hand  hoe  and  their  destruction  by  the  hoofs  of  horses 
or  by  implements,  especially  when  turning  at  the  ends  of  rows,  and 
by  poor  guidance  of  the  cultivator,  whereby  it  swerves  and  cuts  out 
the  plants  along  the  rows.  (In  this  way  from  one  to  four  rows  may  be 
damaged  at  each  round,  according  to  the  type  of  cultivator  employed.) 
The  flooding  of  low  areas  and  the  drying  out  of  high  ones,  as  well  as 
cutting  through  rows  to  distribute  water  in  poorly  graded  fields,  are 
additional  sources  of  loss.     (See  Table  II.) 

It  soon  became  apparent  that  the  observations  could  most  profit- 
ably be  confined  to  a  determination  of  the  nature  and  extent  of  losses 
in  stand  and  their  causes.  From  these  data  it  appeared  possible  to 
discover  whether  correlations  exist  between  such  losses  and  the  yield 
of  the  respective  plats. 

To  ascertain  the  percentage  of  the  stands  tliroughout  the  season, 
measurements  were  made  of  the  actual  distance  between  all  the  plants 
in  every  row  under  observation,  instead  of  obtaining  merely  the  aver- 

» Germination  stand  fa  the  stand  of  beets  result in.T;  from  the  germination  of  the  seed  up  to  the  time  of 
tbinnlng.    Thinning  stand  is  the  stand  or  number  of  plants  left  after  bloclcing  and  thinning.    Uarvest 
I  is  the  number  of  beets  to  the  acre  at  harvest  time. 
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age  distance  by  counting  the  plants  in  each  row  and  dividing  the 
length  of  the  rows  by  the  number  of  plants.  This  was  accomplished 
with  the  simple  contrivance  shown  in  figure  1. 

THE  SIGNIFICANCE  OF  POOR  STANDS. 

Having  shown  that  progressive  reductions  in  the  percentage  of 
stand  occur  throughout  the  entire  season,  and  having  indicated  the 
factors  chiefly  concerned  in  this  destruction  of  plants,  an  inquiry  may 
be  made  as  to  the  significance  of  these  reduced  percentages.  Does 
the  eradication  of  these  beets  from  time  to  time  during  the  season 

affect  the  ultimate 
yield,  or  does  it  hi4>- 
pen  that  the  remain- 
ing beets,  being  more 
widely  spaced,  so  in- 
crease in  size  on  ac- 
count of  the  aug- 
mented area  allowed 
to  each  plant  as  to 
compensate  for  the 
diminished  number 
to  the  acre  ? 

It  is  frankly  con- 
ceded that  evidence 
on  this  question 
might  be  inconclu- 
sive if  based  alone 
on  observations  of 
plats  or  fields  on  or- 
dinary farms — that 
is,  farms  among 
which  greater  or  less 
diversity  of  condi- 
tions exist,  however 

Fio.  1.— Graduated  wooden  rod  used  in  measuring  tlio  gaps  in  a  stand      mUch  care  may  have 
of  sugar  beets.  ,  •       j  •     ,  i     • 

been  exercised  in  their 
selection;  where  the  apphcation  of  even  identical  methods  will  vary  to 
some  degree;  and  where  there  are  other  factors  of  variation  known  to 
everyone  who  has  carried  on  such  experiments.  Fortunately  many  ex- 
periments have  abeady  been  conducted  imder  test  conditions,  both  in 
Europe  and  in  the  United  States,  which  conclusively  demonstrate  that 
with  such  crops  as  cotton,  com,  mangel-wurzels,  potatoes,  turnips,  car- 
rots, lettuce,  sugar  beets,  and  other  spaced  crops  an  optimum  area  for 
each  plant  may  be  discovered.     Only  a  few  of  these  are  cited.*     To 

1  Uolden,  p.  G.,aiid  Hopkins, C.  G.  The  sugar  beet  in  lUinois.  HI.  Agr.  Exp.Sta.  Bul.4«,52  p Jlhis.,1888. 
Knauer,  Ferdinand.    DerRUbonbau  .  .  .    Auii.  9,  neubearb  von  Max  HoUrung,  p.  64>6».     Berlin,  190&. 
Nicholson,  H.  H.,  and  Lyon,  T.  L.    Experiments  in  the  culture  of  the  sugar  beet  in  Nebraska.    Nehr. 
Agr.  Exp.  Sta.  Biil.  60,  34  p.,  6  fig.,  1899. 
Shaw,  G.  W.    Culture  of  the  sugar  beet.    Cal.  Agr.  Exp.  Sta.  Circ  13, 21  p.,  3  fig.,  1W6. 
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reduce  or  to  increase  that  area  beyond  certain  limits  results  in  a 
lessened  yield  per  acre.  Each  crop  requires  its  own  special  area  per 
plant  to  yield  the  best  results,  but  that  area  must  be  modified  to  some 
extent  in  different  soils,  with  the  available  water  supply  and  with 
climatic  variations. 

The  cited  experiments  and  practical  experience  aUke  show  that  the 
sugar  beet  requires,  not  only  for  the  highest  tonnage  but  also  for  the 
greatest  yield  of  sugar  per  acre,  an  area  of  144  to  160  square  inches 
per  plant,  the  optimum  area  varying  somewhat  with  the  character 
of  the  soil,  fertilizers,  and  climate.  In  practice,  the  rows  should  be 
spaced  not  less  than  18  or  20  inches  apart,  to  facilitate  cultural 
operations  with  horse  implements.  Commonly  a  distance  of  20 
inches  has  been  adopted  in  the  United  States.  This,  then,  is  really 
a  closed  question.  The  spacing  may  be  arranged  by  adjustment  of 
the  seed  drill.  The  matter  of  importance  is  the  spacing  between  the 
plants  in  the  rows. 

In  most  localities  and  in  good  beet  soils  a  distance  of  8  inches 
between  plants  is  advised.  Each  beet  would  thus  have  160  square 
inches,  which,  in  round  niunbers,  would  give  39,200  plants  per  aero. 
This  might  be  taken  to  represent  a  perfect  stand  and  is  the  one 
CTnployed  in  these  tables  as  the  standard  for  comparison.  With 
beets  averaging  the  moderate  weight  of  1  pound,  such  a  stand  would 
yield  no  less  than  19.6  tons  to  the  acre.  In  most  of  the  beet  districts 
of  the  United  States  the  average  weight  of  beets  considerably  exceeds 
this;  it  does  so  in  all  but  one  of  the  plats  imder  observation.  (See 
Table  II,  column  11.)  We  have  seen  that  the  average  acre  yield  in 
this  country  during  the  season  of  1910-11  was  only  10.17  tons  and 
that  of  Utah  11.42  tons,  as  compared  with  an  average  yield  of  14.84 
tons  to  the  acre  in  Grermany. 

Since  these  facts  have  been  experimentally  estabUshed  imder  test 
conditions,  the  data  presented  in  Tables  II  and  III  acquire  a  real 
significance.  Granting  the  impossibility  of  obtaining  absolutely 
uniform  conditions  among  the  plats,  even  of  each  group,  it  would  be 
unreasonable  and  illogical  to  repudiate  the  strong  correlations  foimd 
each  season  and  to  call  them  mere  coincidences.  One  must  acknowl- 
edge them  to  be  examples  of  cause  and  effect.  In  short,  it  is  held 
that  the  losses  in  stand  indicated  in  these  tables  correspond  more  or 
less  closely  to  the  diminished  yields. 

As  before  stated,  the  apparent  exceptions  are  accoimted  for  by 
the  specific  adverse  or  especially  favorable  conditions  mentioned  in 
rdation  to  them.  The  evidence  of  a  relationship  between  the  per- 
centage of  stand  and  the  percentage  of  yield  is  strengthened  to  a 
degree  almost  equaling  that  obtained  imder  strict  experimental  con- 
ditions by  the  fact  that  the  data  from  two  pairs  of  plats  are  pre- 
sented, one  pair  being  in  each  of  two  very  imiform  contiguous  fields 
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where  idl  the  cultural  operations  were  identical  and  carried  on  in  each 
field  by  the  same  person.  These  are  plats  1  and  2  and  plats  3  and  4 
of  group  1,  1912.  (See  Table  II.)  In  these  two  pairs  of  plats  the 
correlation  is  perfect. 

From  these  data,  then,  grave  losses  have  been  revealed  in  the 
percentage  of  stand  of  sugar  beets.  It  has  been  demonstrated  that 
a  close  relation  exists  between  stand  and  yield ;  therefore  it  is  apparent 
that  such  considerable  losses  in  stand  as  have  been  indicated  repre- 
sent losses  in  tonnage.  If  data  were  collected  from  the  fields  of  less 
experienced  beet  growers,  still  greater  discrepancies  would  be  re- 
vealed, which  would  correspond  somewhat  closely  to  their  discourag- 
ing yields.     Most  of  these  losses  are  avoidable. 

LOSSES  ON  A  CASH  BASIS. 

The  discrepancies  among  the  yields  of  the  fields  under  considera- 
tion will  appear  still  more  striking  if  translated  into  terms  of  dollars 
and  cents.  It  is  known  that  year  after  year  some  beet  growers  in 
the  older  districts  (for  example,  those  represented  in  groups  1  and  2, 
Table  II)  obtain  no  less  than  30  tons  of  beets  per  acre,  whUe  in  the 
district  represented  by  group  3  (Table  II)  a  yield  of  25  tons  an  acre 
is  not  uncommon.  Large  yields  are  obtained  annually  by  the  most 
skillful  beet  growers  in  other  States.  It  is  acknowledged  that  yields 
such  as  those  just  mentioned  are  exceptional  and  are  won  only  after 
the  soil  has  beqn  worked  into  splendid  tilth  by  very  deep  plowing, 
ample  manuring,  and  intensive  culture.  Perhaps  such  a  standard 
miglit  be  open  to  the  criticism  that  like  results  would  be  imprac- 
ticable in  general.  For  the  purposes  of  comparison,  then,  the  best 
plat  in  each  group  wiU  be  used.     (See  Table  IV.) 

Emphasis  is  placed  on  the  fact  that  the  yields  mentioned  in  con- 
nection with  the  fields  under  consideration  are  not  unusual,  but  are 
obtained  by  the  same  growers  year  after  year  with  but  slight  fluctu- 
ation. Should  it  be  contended  that  the  soil  in  these  fields  is  richer, 
deeper,  or  more  fertile  than  that  of  other  fields  in  the  vicinity,  where 
much  smaller  yields  are  obtained,  it  can  be  said  of  them  that  they 
are  so  chiefly  because  the  owners  or  cultivators  of  those  fields  have 
brouglit  them  up  to  their  present  condition  through  better  farming 
practices  and  not  because  the  soil  itself  was  markedly  superior  at  the 
outset. 

In  regard  to  the  sugar  content  of  the  beets,  it  can  be  said  that 
the  percentages  quoted  are  tliose  obtained  from  composite  factory 
samples  taken  at  random  at  the  time  of  the  delivery  of  the  beets 
and  determined  by  the  chemist  of  the  sugar  factory.  The  season 
of  1912,  when  these  tests  were  made,  was  not  an  exceptional  one. 
It  is  undoubtedly  true  that  weather  conditions,  especially  in  the 
latter  part  of  the  season,  influence  perceptibly  the  percentage  of 
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in  the  beet.  However,  it  is  also  true  in  general  that  the  beets 
of  those  growers  who  are  skillful  enough  to  obtain  the  best  yields 
also  show  a  relatively  high  percentage  of  sucrose.  In  some  States 
the  average  percentage  of  sugar  is  annually  lower  than  in  others, 
probably  on  account  of  climatic  differences.  For  that  reason  the 
standard  set  in  this  paper  might  have  to  be  lowered  somewhat  to 
meet  local  conditions.  In  such  places  the  standard  obtained  from 
the  best  beet  growers  in  any  ^^ified  locality  could  be  substituted 
as  a  basis  for  calculating  the  deficiencies  among  the  less  successful 
beet  growers. 

There  are  two  systems  of  payment  in  vogue,  namely,  the  flat 
rate-  and  the  sliding  scale.  The  flat  rate  adopted  in  this  paper  is 
below  the  average  for  the  whole  country,  namely,  $5  a  ton  for  all 
beete  containing  more  than  the  factory  minimum  of  sucrose.  The 
average  price  during  1913-14  was  nearer  $6  a  ton. 

Table  IV. — Comparison  of  the  yields  and  cash  receipts  from  various  plats  of  sugar  beets, 

for  1910,  1911,  and  1912. 


Group  and  plftt. 

Year. 

Actual 
yield. 

Sugar 

in 
beet. 

Actual  returns. 

Deficiency,  on 

basis  of  yield  of 

bestplat.t 

Flat 
rate. 

Sliding 
scale. 

Flat. 

SUding. 

I 

» 

3 

4 

5 

6 

7 

8 

Qroapl: 

FktB 

1911 
1912 
1911 
1912 
1912 
1912 

Tom. 

30.532 

23.e96 

26.773 

27.524 

19.431 

19.406 

Percent. 

$152.66 
118.48 
133.86 
137.62 
97.15 
97.03 

Flats 

17.80 

$13L27 

$34.18 
18.80 
15.04 
55.51 
55.63 

PlatD 

Platl 

17.30 
17.80 
17.30 

148.35 
107.64 
104.62 

Plat  4 

Plat  2 

V«An . . 

24.560 

17.65 

122.80 

122.97 

35.83 

1912 
1912 
1911 
1912 
1912 
1912 

OfOop2: 

Plats 

23.631 
20.853 
13.391 
17.236 
17.068 
13.926 

19.60 
18.50 

118.15 
104.26 
66.95 
86.18 
85.34 
69.63 

143.67 
119.90 

Plate 

PlatA.... 

13.89 
51.20 
31.97 
32.81 
48.52 

23.77 

Plats 

Plat? 

17.80 

95.48 

48.19 

Plat9 

is.  66 

77.98 

65.69 

Mmn 

17.684 

18.475 

88.42 

109.26 

35.68  1          45.88 

1912 
1912 
1911 
1911 
1910 
1911 
1910 
1910 
1912 
1912 

QraopS: 

Plat  10 

9.558 
15.253 
15.497 
13.325 
13.032 
17.306 
13.469 
11.586 
11.733 
10.314 

47.79 
76.26 
77.48 
66.62 
65.16 
86.53 
67.34 
57.93 
58.66 
51.57 

38.74 
10.27 

9.05 
19.91 
21.37 

0 

19.19 
28.60 
27.87 
34.96 

Plat  11 

18.90 

89.53 

PlatE 

PlatF 

Platl 

Plate    

Plat  2 

Plata 

Plat  12 

18.00 
19.95 

65.70 
63.74 

Plat  13 

limn 

13.007 
17.433 

18.95 
18.27 

65.53 
87.39 

72.99 
104.35 

21.00 
28.38 

Mean  of  all  plats 

^  In  groups  1  and  3  the  percentage  of  sucrose  in  the  beets  from  the  best  plats  is  not  known;  therefore,  the 
oomputatioiis  of  receipts  under  the  sliding  scale  can  not  be  given  for  those  groups. 
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For  the  sliding  scale- $5  a  ton  for  beets  containing  16  pel*  cent 
of  sucrose,  with  30  cents  a  ton  additional  for  every  increment  of  1 
per  cent  in  sugar  content  and  a  deduction  of  25  cents  a  ton  for  eveiy 
1  per  cent  less  than  16  per  cent  (fractional  percentages  in  proportion),  is 
taken  to  represent  about  the  average  rate. 

A  consideration  of  columns  5,  6,  and  7  of  Table  IV  will  reveal  the 
surprising  magnitude  of  the  discrepancies  as  compared  with  the 
yields  of  the  best  growers.  In  some  cases  this  discrepancy  is  greater 
per  acre  than  the  actual  cost  of  producing  the  crop,  which  averages 
about  $42.50  an  acre  exclusive  of  manure,  rent,  or  interest  on  the 
capital  invested.  The  additional  cost  of  manure  woidd  be  about 
$15  to  $20  an  acre,  but  as  this  should  preferably  be  applied  to  a 
preceding  crop  instead  of  directly  to  the  beets  this  chaige  would  be 
shared  between  two  crops. 

HOW  TO  OBTAIN  BETTER  STANDS. 

Grave  sources  of  loss  have  been  revealed.  They  occur  not  among 
poor  farmers  alone,  as  might  have  been  expected,  but  among  tiiose 
considered  to  be  good.  How  great  these  losses  are  among  the  less 
successful  farmers  may  be  surmised  after  a  moment's  consideimtion. 
The  average  yield  per  acre  of  sugar  beets  in  the  United  States  for  the 
season  of  1910-11  was  only  10.17  tons;  the  average  for  the  State  of 
Utah  where  these  observations  were  made  during  the  same  period 
was  11.42  tons  to  the  acre,  while  that  among  the  better  farmeis  as 
taken  from  these  plats  was  17.68  tons.  Year  after  year  the  best 
beet  growers  obtain  from  20  to  25  tons  an  acre.  (PI.  I.)  Therefore 
a  large  army  of  beet  growers  must  obtain  an  average  yield  of  much 
less  than  10  tons  an  acre.  Either  their  land  is  unsuited  to  profitable 
beet  culture  or  their  methods  are  bad  or  are  very  inefficiently  carried 
out.  In  any  case  the  real  nature  of  the  trouble  should  be  ascer- 
tained. If  the  land  is  not  adapted  to  beet  culture,  it  would  seem 
better  to  abandon  that  crop  for  a  more  profitable  one;  if  their 
methods  are  at  faidt,  the  growers  should  be  instructed  by  the  fac- 
tory field  men. 

To  analyze  data  of  this  character  and  to  indicate  the  causes  of 
deficiency  in  stands  of  sugar  beets,  with  the  accompanying  losses, 
are  almost  tantamount  to  pointing  the  way  to  an  avoidance  of  such 
losses 

GERMINATION  LOSSES. 

The  average  loss  of  stand  caused  by  imperfect  germination  was 
19.31  per  cent  (Table  II,  column  6),  which  was  due  largely  to  the 
poor  preparation  of  the  seed  bed.  In  the  first  place,  it  was  noted 
that  fall  plowing  is  seldom  practiced  and  that  it  b  rarely  deep  enough. 
One  serious  result  of  shaltew  plowing,  early  apparent  in  beet  culture, 
is  that  weed  seeds  remain  so  near  the  surface  that  they  are  enabled 
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to  g^nuinate  and  sprout  before  the  beet  seedlings  appear  above 
ground,  greatly  retarding  and  stunting  the  latter.     (PL  II.)* 

Too  frequently  manuring  is  delayed  until  spring,  when,  in  con- 
junction with  faulty  preparation  of  the  ground,  pockets  of  half- 
rotted  manure  are  left  in  the  soil.  These  cause  the  taproots  of  seed- 
ling beets  coming  in  contact  with  them  to  become  sprangUng  and 
ifl-shaped.  It  is  believed  to  be  the  best  practice  to  apply  manure  to 
a  preceding  crop  instead  of  directly  to  beets. 

In  irrigated  districts  much  loss  is  occasioned  by  the  imperfect 
grading  and  leveling  of  the  surface  of  the  field;  thus,  low  spots  re- 
main in  som^  places  and  high  ones  in  others.     The  low  areas  are 


ti0,  2.^A  homemade  float  used  in  leveling  a  beet  field  preparatory  to  sowing  the  seed. 

flooded  with  every  irrigation  (PI.  Ill),  while  the  elevated  places,  if 
extensive,  suffer  drought  or  render  much  extra  work  necessary  to 
get  the  water  over  them.  In  either  case,  many  plants  are  killed 
(fig.  3). 

It  is  also  apparent  that  losses  in  the  stand  occur  on  account  of 
lack  of  responsiveness  of  the  seed  drills  to  irregularities  in  the  sur- 
face of  the  field,  resulting  in  the  scattering  of  seed  on  the  surface  of 
the  ground  when  individual  drills  pass  over  depressed  areas.  Little 
or  none  of  the  uncovered  seed  germinates;  if  the  seed  were  slightly 
covered  it  might  lie  there  in  the  dry  surface  soil  until  a  shower  caused 

>  The  subsequent  operations  of  disking,  harrowing,  and  floathig  the  fields  (fig.  2)  are  not  sufficiently 
thorou^,  leaving  the  seed  bed  too  rough  and  cloddy  and  resulting  in  a  reduced  percentage  of  germination 
of  the  beet  seed. 
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it  to  germinato  later.  Such  belated  plants  add  little  to  the  tonnage. 
(PI.  IV.) 

The  damping-off  disease  exacts  its  toll  every  season;  it  may  be  so 
severe  as  to  more  than  decimate  the  stand  (PL  V).  It  is  occasioned 
partly  by  fungi  borne  on  the  seed  balls,  and  partly  by  fungi  present 
in  the  soil.  This  disease  seems  to  be  severe  when  the  spring  weather 
is  unfavorable  for  the  rapid  and  vigorous  germination  and  growth 
of  the  beets. 

An  incrustation  of  the  soil  after  rains  sometimes  prevents  the  young 
seedlings  from  breaking  through,  especially  in  heavy  loams.     These 


Fig.  3.— Three  sugar  beeis,  showing  the  effect  of  standing  water  or  a  wet  subsoil  upon  the  roots. 

crusts  may  with  advantage  be  broken  with  a  corrugated  roller. 
(PI.  VI.) 

Wireworms  and  flea  beetles  are  very  troublesome  and  destructive 
in  some  locahties  (fig.  4).  In  this  connection  it  would  be  of  benefit 
to  keep  down  weeds  along  fences,  ditches,  and  roadsides.     (PL  VII.) 

It  is  entirely  practicable  to  increase  the  percentage  of  the  germina- 
tion stand  to  an  extent  that  would  amply  repay  the  cost  of  the  addi- 
tional labor  required.  Deeper  plowing  should  be  more  generally 
practiced.  The  extra  disking  and  harrowing  would  require  only  a 
few  hours  more  labor  per  acre.     In  irrigated  regions  the  extra  labor 
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FiQ.  2 —A  Deep-Plowed  Beet  Field. 

CONTIGUOUS  SHALLOW-PLOWED  AND   DEEP-PLOWED  FIELDS,  SHOW- 
ING   THE    EFFECT    OF    EACH    METHOD    ON    WEEDS. 

Sliallovr  plowing  leaves  the  weed  seeds  near  the  surface,  where  they  spring  up  l*®^^^'*^®..^' 
seeds,  checking  and  choking  the  young  beet  seedlings.  Deep  plowing  bunes  the  weea  •eeaa 
and  gives  the  beets  an  opportunity  to  get  started  before  they  come  up. 
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A  Field  of  Sugar  Beets,  Showing  the  Gaps  Left  in  the  Rows  by  a  Drill  which 
Failed  to  Adjust  Itself  to  the  Irregularities  in  the  Surface  of  the  Ground. 
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Plate  VIII. 
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necessary  to  grade  and  level  a  field  properly  could  be  put  in  at  odd 
times  during  the  autumn  and  winter  and  in  many  cases  would  not 
cost  more  than  the  additional  labor  and  loss  entailed  each  season  by 
leaving  this  work  undone. 

Implement  manufactiurers  should  be  urged  to  study  the  improve- 
ment of  seed  drills  in  order  to  make  them  more  responsive  to  the  siu*- 
face  of  the  ground  and  to  perfect  a  seed-dropping  device  for  them. 
However,  much  of  the  trouble  with  seed  drills  could  be  avoided  by 
better  preparation  of  the  seed  bed. 

The  first  cultivation,  taking  place  soon  after  the  seedlings  appear^ 
is  sometimes  carelessly  done  or  is  performed  with  implements  not 
well  adapted  to  the  operation.  Thus,  many  seedlings  are  smothered 
by  having  the  soil  thrown  over  them.  A  special  type  of  cultivator, 
with  disks  adjusted  to  protect  the  plants,  will  prevent  losses  of  this 
sort  (fig.  5). 


Fxo.  4.— Sugar-beet  seedUngs,  showing  the  effect  of  late  frosts  and  the  bites  of  fl^a  beetles.    The  dead 
seedlings  were  killed  by  frost;  the  others  were  bitten  by  flea  beetles. 

LOSSES  ON  THE  THINNING  STAND. 

Many  beet  growers  defer  thinning  and  spacing  too  long.  The 
£uropean  beet  growers  hasten  to  their  fields  as  soon  as  most  of  the 
seedlings  have  acquired  two  pairs  of  true  leaves.  To  delay  beyond 
this  stage  may  mean  a  marked  reduction  in  tonnage  and  sugar,  as 
is  shown  by  an  experiment  in  Germany  in  which  the  results  given 
in  Table  V  were  obtained.* 

Table  V. — Losses  due  to  delayed  thinning  of  sugar-beet  seedlings  in  Germany, 


Thinned — 


Loss  per 

acre  at  15 

aton. 


Attbe 


proper  tj 
Bekbter. 


time. 


Two  veeks later.., 
Tliree  veeks  later. 


$7.50 
25.00 
40.00 


^  Bobertson-Scott,  J.  W.    Sugar  Beet:  Some  Facts  and  Some  Illusions,  p.  120.    I^ndon,  1911. 
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In  general,  the  larger  the  plants  when  thinned  the  greater  the 
shock  they  receive,  and  the  weeds  meantime  have  an  opportunity  to 
outstrip  the  beets,  crowding  and  checking  them.     (PL  VIII.) 

However,  the  greatest  single  cause  of  deficiency  in  stand  is  care- 
less or  improper  spacing  and  thinning.  As  shown  in  column  16, 
Table  II,  the  average  loss  entailed  in  the  plats  under  observation 
was  21.41  per  cent.  It  is  significant  that  this  dual  operation,  one  of 
the  most  expensive  in  beet  cidture,  is  very  frequently  done  by  con- 
tract labor  either  without  supervision  or  with  the  most  perfunctory 

and  intermittent 
kind  of  supervision. 
In  European  beet 
fields  this  operation 
is  imder  constant 
supervision. 

The  deficiency  of 
stand  caused  by  this 
operation  is  brought 
about  by  spacing  the 
plants  too  far  apart, 
by  leaving  two  or 
more  plants  togeth- 
er, or  by  carelessly 
chopping  out  plants 
where  they  should 
be  left.  In  no  in- 
stance has  the  writer 
been  able  to  find  the 
spacing  as  close  as 

Fio.  5.— A  beet  cultivator  with  disks  to  prevent  the  seedlings  ftom      the   beet   gTOWer   llkr 
being  covered  by  the  earth  thrown  up  by  the  cultivator  blades,      ^^j^^^j  imagined. 

(Courtesy  of  J.  W.  Robertson-Scott,  London,  1911.)  .  7^ 

An  mcrease  of  2  or  3 
inches  in  the  distance  between  all  the  plants  would  greatly  reduce  the 
yield  per  acre,  other  things  being  equal.  This  excessive  spacing  is  gen- 
erally unsuspected  and  imperceptible  except  by  actual  measurement. 
Yet  one  can  scarcely  blame  hired  or  contract  laborers  for  hxirrying 
over  this  work,  because  in  most  cases  they  are  paid  the  same  price 
per  acre  whether  the  work  be  well  or  badly  done  and  whether  the 
stand  be  good  or  poor.  It  would  seem  but  equitable  to  offer  a 
bonus  for  better  work,  based  on  the  number  of  plants  per  acre  re- 
maining after  thinning.  On  the  celebrated  farm  of  Sainte  Suzanne, 
belonging  to  the  Prince  of  Monaco — a  farm  worked  on  scientific 
principles — it  is  required  that  the  beets  be  left  11  inches  apart  in 
the  row.  About  40  cents  additional  per  acre  is  paid  if  28,000  beelB 
an  acre  remain  after  the  second  cultivation. 
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The  highest  percentage  the  writer  has  attained  by  the  careful  use 
of  a  6-inch  hoe  was  92.58  per  cent  for  one  row.  His  best  average  for 
8  rows  was  83.7  per  cent,  when  working  with  moderate  rapidity. 

ELIMINATION  OF  HAND  SPACING. 

Although  it  is  believed  that  the  singUng  of  beets  will  never  be 
accomplished  with  machines  or  implements,  it  is  thought  to  be 
entirely  practicable  to  effect  the  spacing  in  such  a  manner. 

In  this  country  of  high-priced  labor,  means  should  be  devised  to 
eliminate  hand  labor  from  farming  operations  as  far  as  possible. 
Much  has  been  accomplished  already  toward  the  successful  pulling 
and  topping  of  beets  by  machinery.  A  nimiber  of  machines  for 
blocking  beets  have  been  patented,  and  some  of  them  are  in  success- 
ful operation.  In  some  parts  of  Europe  a  4-row  or  6-row  cultivator 
is  run  across  the  field  at  right  angles  to  the  rows,  thus  cutting  out 
spaces  at  regular  intervals.  Generally,  this  spaces  the  beets  too 
widely.  Numerous  attempts  have  been  made  in  the  United  States 
to  accomplish  proper  spacing  by  transplanting  sugar-beet  seedlings 
in  the  manner  that  tobacco,  cabbage,  celery,  etc.,  are  successfully 
set  out.  However,  it  has  been  thought  that  this  causes  the  beets  to 
become  sprangling,  by  injuring  or  turning  up  the  taproots  of  the 
yoimg  plants. 

LOSSES  after  thinning  AND  BEFORE  HARVESTING. 

Individually,  the  losses  occurring  between  the  times  of  thinning 
and  harvesting  are  of  minor  importance,  although  they  aggregated 
6.82  per  cent  among  the  plats  imder  observation  during  the  season 
of  1912.  (See  Table  II,  column  17.)  A  source  of  loss  present  every 
season,  especially  among  less  experienced  beet  growers,  is  that  aris- 
ing from  the  careless  or  unskilled  use  of  the  cultivator,  not  only  when 
turning  at  the  ends  of  rows,  but  in  the  rows  themselves,  by  allowing 
the  cultivator  to  swerve  far  enough  to  cut  out  plants.  With  a  2-row 
or  4-row  cultivator  this  may  occasion  a  serious  loss,  because  two  or 
four  rows  are  injured  simultaneously.  It  need  only  be  said  that  a 
little  more  care  would  appreciably  reduce  this  loss. 

The  later  in  the  season  that  the  various  depletions  in  stand  are 
made,  the  more  serious  is  their  effect  on  the  yield,  because  the  plants 
then  have  less  chance  to  respond  to  space  effect  by  an  additional 
increase  in  size. 

LOSSES  FROM  THE  DRYING  OF  BEETS. 

Another  scarcely  suspected  loss,  not  due  to  deficiency  of  stand, 
often  takes  place  at  harvest.  This  is  caused  by  leaving  the  beets 
ia  open  rows  or  piles  in  the  field  after  they  have  been  dug.  As  soon 
as  the  roots  have  been  torn  from  the  soil,  rapid  loss  of  water  takes 
place  from  every  portion  of  the  plant.     Therefore,  whether  the  beets 
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are  left  untopped  or  are  topped  and  thrown  in  small  pUes  or  windrows, 

according  to  custom,  the  wind  and  sunshine  cause  the  beets  to  lose 

weight.     It  has  been  shown  that  the  loss  in  weight  so  occasioned 

may  exceed  5  per  cent  a  day  for  several  days  in  succession,  the 

percentage  of  loss  gradually  decreasing  as  the  water  is  progressively 

withdrawn  from  the  beets. 

This  circumstance  could  be  taken  advantage  of  when  beets  are 

dug  which  are  found  not  to  have  attained  the  required  percentage  of 

sucrose.     The  water  is  withdrawn  by  evaporation,  but  the  sugar  is  mit 

Therefore,  a  concentration  of  sugar  woidd  take  place  in  consequence 

of  the  evaporation  of  a  portion  of  the  water  by  permitting  the  beets  to 

dry  out  through  exposure  in  the  field  after  digging.     This,  doubtless, 

would  soon  be  sufficient  to  augment  the  sugar  percentage  to  the 

required  degree. 

SUMMARY. 

A  striking  variation  in  the  yield  of  sugar  beets  on  the  diflFerent 
farms  in  any  particular  beet  district  of  the  United  States,  even 
though  of  very  restricted  area,  may  be  noted  every  season. 

Since  the  climatic  factors  are  practically  uniform  in  such  a 
restricted  area  or  district,  with  cultural  methods  almost  identical 
and  soil  types  within  that  area  not  veir  diverse,  additional  causes  for 
these  great  variations  in  yield  are  to  be  sought. 

Employing  as  a  basis  for  comparison  the  stand  which  experiment 
and  experience  have  shown  to  be  the  optimum — subject  to  some 
modification  for  different  soil  conditions — ^namely,  a  stand  containing 
39,200  plants  per  acre,  which  would  residt  by  leaving  beets  8  inches 
apart  in  rows  20  inches  apart,  these  studies  show  that  even  among 
experienced  beet  growers,  many  of  them  truck  growers,  deficienciw 
in  stand  exist  to  an  extent  quite  imsuspected. 

Those  deficiencies  of  stand  may  be  divided  into  three  groups: 
(1)  Those  occiuring  in  the  germination  stand,  averaging  19.32 
per  cent  among  the  plats  of  1912;  (2)  those  due  to  improper  spacing 
and  thinning,  averaging  27.3  per  cent  among  the  plats  of  1911  and 
23.27  per  cent  in  1912;  and  (3)  those  occurring  between  thinning  and 
harvest,  ranging  from  2.54  to  12.85  per  cent,  with  an  average  of  7.26 
per  cent  among  the  18  plats  from  which  these  data  were  obtained. 
Together  these  represent  a  total  mean  deficiency  of  stand  of  more 
than  50  per  cent. 

.  ^^^t  of  these  losses  in  stand  can  be  greatly  reduced  by  the  applica- 

lon  of  better  methods  or  a  more  careful  adherence  to  already  existing 

ehmi     I  ^^^  ^""^^  thorough  supervision  of  hired  labor,  and  by  the 

c^derlT  ""^  ^^'^^ract  work  as  far  as  possible.     The  losses  may  be 

This  is  #r     k^  ?«^^«ly  the  result  of  inexperience  and  inefficiency. 

source  ar^WTi^.t  ^^  ^^^  ^^"^^  ^^^^  ^  *  ^^^  ^*^^^^  1^>«^  ^^"^  ^^® 
great,  those  from  other  sources  are  correepondingly  hrgd. 
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The  data  here  presented  show  a  strong  correlation  between  per- 
centage of  stand  and  yield.  The  existence  of  a  relation  between  yield 
and  percent€^e  of  stand  has  been  demonstrated  frequently  under 
experimental  conditions  in  Europe  and  rather  less  frequently  in  the 
United  States.  Therefore,  it  is  believed  that  the  losses  in  stand 
shown  to  take  place  progressively  throughout  the  season  correspond 
to  a  loss  in  yield.  However,  it  is  also  shown,  through  apparent 
exceptions  to  this  correlation,  that  despite  a  stand  of  fair  percentage 
at  the  outset  the  yield  may  remain  comparatively  small  through 
n^lect  and  carele(ssness  during  the  season. 

There  is  found  to  be  a  moderate  imiformity  in  methods,  but  great 
irregularity  and  discrepancy  are  conspicuous  in  the  thoroughness 
of  their  apphcation;  in  other  words,  efficiency  varies  greatly. 

It  is  not  to  be  expected  that  every  beet  grower,  although  he  may 
possess  fields  well  adapted  to  beet  cidture,  can  at  once  obtain  such 
yields  as  the  best  of  those  mentioned  in  this  paper.  However,  such 
yields  should  be  possible  on  many  farms  when,  after  a  few  years 
of  thorough  cultivation,  the  fields  have  been  worked  up  into  equally 
good  condition.  The  benefits  accruing  from  increased  yields  of  beets 
through  improved  tilth  of  the  soil  are  especially  pronoimced. 

These  studies  were  made  among  fair  and  good  beet  growers  in  an 
old  beet  district  whose  mean  yield  reached  the  respectable  total  of 
rather  more  than  17  tons  to  the  acre,  while  the  average  for  the  United 
States  for  1910-11  was  only  10.17  tons  and  that  for  the  State  of 
Utah,  where  these  studies  were  made,  was  11.42  tons  per  acre.  The 
magnitude  of  preventable  loss  incurred  by  a  very  large  proportion  of 
beet  growers  must  be  amazing;  in  fact,  it  must  exceed  the  entire  cost 
of  raising  the  crop. 
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THE  EGGPLANT  LACE-BUG.^ 

By  ' 

'  David  E.  Fink, 

IhUomological  Assistant^  Truck  Crop  and  Stored  Product  Insect  Investigations. 

(In  cooperation  with  the  Virginia  truck  experiment  station,  Norfolk,  Va.) 

INTRODUCTION. 

Injury  to  ^gplant  by  lace-bugs  (PI.  I)  first  attracted  the  attention 
of  the  writer  during  the  spring  and  summer  of  1913.  In  the  vicinity 
of  Norfolk,  Va.,  eggplant  was  found  to  be  infested  by  a  species  at  that 
time  undescribed.  It  proved  to  be  Gargaphia  solani  n.  sp.,  the  des- 
ignation being  given  by  Mr.  Otto  Heidemann,  of  the  Bureau  of  Ento- 
mology. Owing  to  pressure  of  other  work  diuing  the  season  of  1913 
no  further  atteihpts  were  made  at  the  time  to  study  the  insect  to  any 
great  extent,  but  it  was  noted  to  feed  extensively  on  eggplant,  the 
leaves  of  which  timi  yellow  and  finally  shrivel  up.  During  the  spring 
and  summer  of  1914  it  again  came  under  observation,  investigation 
proving  it  to  be  widely  distributed  in  Tidewater  Virginia.  In  fact, 
wherever  eggplant  was  grown  on  a  commercial  scale  the  lace-bugs 
were  feeding.  It  was  then  considered  advisable  to  make  a  careful 
study  of  the  habits  of  this  insect  in  view  of  its  wide  economic  impor- 
tance, and  at  the  same  time  to  devise  and  test  methods  for  its  controL 

NATURE  OF  ATTACK. 

In  the  early  nymphal  stages  lace-bugs  resemble  the  young  of 
aphides;  and  since  they  procure  their  food  by  suction,  the  injiuy  re- 
sulting to  the  plants  (Pis.  II,  III)  is  indicated  by  a  characteristic 
yellowing  of  the  leaves.  All  stages  may  be  found  on  the  underside 
of  the  leaves,  and  in  the  nymphal  stages,  particidarly,  they  always 
feed  in  original  colonies  as  hatched.  The  first  stage  of  injury  appears 
in  the  form  of  circular  discolored  areas  of  about  the  size  of  a  silver 
quarter.     Such  a  leaf  when  examined  will  show  a  mass  of  eggs,  and 

1  Oargaphia  tolani  Heidemann. 

NoTX.— This  bulletin  deals  with  a  new  enemy  of  eggplant  and  related  plant3.    It  will  be  of  interest 
wherever  these  plants  are  grown  commercially. 
91733'— BuU.  23^-15 
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usually  the  female  also  will  be  observed  either  in  close  proximity 
feeding  or  in  the  act  of  ovipositing.  Upon  the  emergence  of  the 
nymphs  from  the  eggs  the  discoloration  of  the  leaves  increases  in  area 
until  finally  the  entire  leaf  is  involved,  turning  yellow  and  dry. 

The  nymphs  migrate  from  one  leaf  to  another,  injuring  every  leaf 
attacked,  until  they  transform,  after  which,  as  adults,  they  disperse 
to  other  plants.  Not  every  plant  in  a  field  wiU  be  injured,  but  once 
a  plant  becomes  infested  every  leaf  may  be  so  injured  as  to  result  in 
the  loss  of  the  plant. 

The  truckers  in  the  vicinity  of  Norfolk,  Va.,  usually  raise  eggplant 
in  fields  of  from  6  to  10  acres.  During  the  summer  of  1914  many 
such  fields  were  carefully  examined,  and  the  injury  was  estimated  at 
from  10  to  15  per  cent  of  the  entire  acreage.  The  uninformed  trucks 
does  not  as  yet  recognize  this  insect  as  a  specialized  eggplfuit  pest, 
since  the  injury  closely  resembles  that  due  to  aphides.  As  the  plant- 
lice  are  feeding  on  the  eggplant  at  about  the  same  time,  the  lace-bug 
injury  is  usually  attributed  to  them.  The  injury  to  eggplant  by  this 
tingitid  is  entirely  well  defined  and  individual  in  character,  and  no 
one  who  has  carefully  observed  the  damage  would  ever  confuse  it 
with  that  due  to  the  work  of  aphides. 

DESCRIPTION  OP  STAGES. 
THE  ADULT. 

This  interesting  lace-bug  belongs  to  the  heteropterous  family  Tln- 
gitidae,  which  contains  a  number  of  injurious  forms  affecting  certain 
of  om:  native  trees  and  shrubs.  Although  many  species  are  found 
in  some  tropical  countries,  those  occurring  in  the  United  States  are 
comparatively  few  in  number. 

The  eggplant  lace-bug  is  one  of  the  larger  species  of  the  United 
States  and  differs  considerably  in  appearance  from  the  others  by  rea- 
son of  its  prominent  laceUke  hood  extending  back  of  the  head  and  the 
lacelike  venation  of  the  wings.  The  adult  (PL  I,  fig.  2)  is  depressed 
or  flat  bodied,  grayish  to  light  brown,  about  4  millimeters  (^  of  an 
inch)  in  size,  and  derives  its  popular  name  from  the  delicate  lacelike 
structure  of  the  wing  covers. 

Following  is  a  technical  description  of  the  adult  by  Mr.  Otto 
Heidemann:' 

Body  rather  flat;  dark  brown;  angulated;  yellow  rim  of  the  rostral  groove  very  ^ii** 
tinct  at  base  of  metastemum.  Head  dark,  deeply  punctured;  at  frontal  part  three 
small  slender  spines,  the  upper  one  more  prominent;  two  others  near  to  the  efyee  a 
little  longer.  Antennae  quite  long,  hairy;  basal  joint  comparatively  thick,  black, 
and  somewhat  longer  than  the  terminal  joint,  which  is  fusciform  and  black  at  the 
apex;  second  joint  the  shortest,  testaceous;  third  more  than  four  times  as  long  as  the 
fourth  joint,  yellowish  white;  bucculse  moderately  expanded,  yellowish,  with  ooe 
row  of  minute  areoles. 


» Heldemann,  Otto.    A  new  species  of  North  American  Tingitid®.    In  Proc.  Ent.  Soc.  W«sh  ,  t.  14, 
no.  3,  p.  136-137, 1  flg.,  Sept.  26, 1914. 
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Pronotum  feebly  convex,  black,  with  three  low  yellowish  carinse,  the  median- one 
a  Httle  higher  before  the  middle,  tapering  toward  the  pale  apex  of  the  triangular 
posterior  portion  of  the  pronotum;  the  lateral  membranous  part  of  the  pronotum  angu- 
larly expanded,  with  two  to  five  series  of  irregular  areoles,  ^e  edge  somewhat  broadly 
reflexed,  some  of  the  nervures  exteriorly  blackish.  Head,  pronotum,  and  the  edge 
of  the  membranous  dilation  densely  covered  with  fine,  soft  hairs;  pronotal  hood 
rather  large^  much  longer  than  wide,  covering  the  hind  part  of  the  head,  leaving  the 
eyes  free;  surface  yellowish  white,  opaque,  with  fine  minute  areoles.  Hemelytra 
^tending  about  one-third  beyond  abdomen;  oblong-oval,  broadly  rounded  at  the 
end,  feebly  sinuate  toward  the  base;  the  discoidal  areas  pyriform,  reaching, to  about 
the  middle  of  the  elytra,  retictilated,  blackish  at  base  and  at  apex,  a  pale  stripe  across 
the  middle,  the  subcostal  biseriate,  yellow;  costal  maigin  yellowish-white,  tnmslucent 
witll  four  or  ^ve  series  of  medium-sized  areoles  at  the  widest  part,  those  toward  the 
base  smaller;  five  tran^erse  oblique  nervures  black  at  the  costal  area  and  all  nervures 
at  the  apex  more  or  less  blackish.    Legs  pale,  yellow.    Length,  4  mm. ;  width,  2  mm. 

The  following  descriptions  of  the  inunature  stages  are  by  the 
writer: 

THE  EGG. 

Length  0.37  mm.,  width  0.18  mm.  Color  light  to  dark  greenish  at  base,  gradually 
assuming  brownish  toward  the  apex.  Top  of  egg  crater-like,  with  whitish  laceUke 
border,  and  screwlike  rim.  The  entire  e^  resembles  a  miniature  bottle.  The  eggs 
are  attached  to  the  underside  of  the  leaves  by  their  bases  and  usually  lean  in  all 
directions  and  at  almost  every  angle. 

THE  NTMPHAL  STAGES. 

FinlHage, — ^Length  0.3  to  0.4  mm,  width  0.12  mm.  The  newly  hatched  nymph 
resembles  a  newly  bom  aphis,  is  white  to  light  yellow,  with  pink  eyes,  long  1^,  and 
antennse  as  long  as  body. 

Second  stage. — Length  0.8  mm.,  width  0.19  mm.  Color  yellow.  Antennae  as  long 
as  body;  the  last  segment  clublike,  covered  with  setse;  last  segment  of  the  legs 
poflsesBing  a  pair  of  claws.  There  are  spines  on  each  side  of  the  thorax  and  from  each 
augment  of  the  abdomen. 

Third  stage. — Length  of  body  same  as  in  the  previous  instar;  width  decidedly  more, 
0.30  mm.  Spines  on  lateral  margin  and  on  dorsal  surface  of  body.  First  indications 
of  wing  pads  occur  in  this  stage  by  the  swelling  of  lateral  margins  of  the  thorax. 

Fourth  stage. — Length  1.5  mm.,  width  0.8  mm.  Body  oblong-ovate,  yellowish. 
Head  dark  yellow,  hood  prominent;  wing  pads  extending  to  second  abdominal  seg- 
ment. Entire  body  covered  ^ith  spines,  the  position  of  which  is  discussed  in  the 
following  nymphal  stage.    Antennse  as  long  as  body,  light  brown. 

Fifth  «ta^e.— Length  2.2  mm.,  width  1.2  mm.  (PI.  I,  fig.  2.)  Body  oblong- 
ovate,  yellowish  except  at  margin  of  abdomen,  where  it  is  light  yellow  with  dark 
patch  at  the  apex.  On  the  lateral  margins  of  each  side  of  first  three  abdominal  s^- 
ments  a  tubercle  rises  directly  from  the  surface,  and  from  the  last  six  abdominal 
segments  rise  prominent  spiny  processes.  From  the  middle  of  each  of  first  and  second 
abdominal  segments  there  rise  two  hornlike  spiny  processes,  and  one  from  the  fourth, 
fifth,  and  seventh  segments  dorsally.  One  spiny  process  and  some  tubercles  on  the 
lateral  maigin  of  the  wing  pads;  two  large  spiny  processes  placed  near  together  on 
the  metanotum,  and  tubercles  at  each  side  of  thorax.  On  each  lateral  margin  of  the 
bood  there  is  a  spiny  process  and  some  tubercles;  trwo  prominent  spines  are  located 
centrally,  and  a  small  pair  nearer  the  head.  The  head  carries  three  strong  spines  in 
front,  one  long  and  two  shorter  ones;  two  large,  strongly  ciirved,  hornlike  spines 
at  the  base  near  the  eyes.  All  spiny  processes  except  on  the  lateral  margins  of  the 
■xtb,  seventh,  and  eighth  abdominal  segments  dark  brown;  those  on  latter  light 
yellowish.  Head  yellowish  brown;  eyes  prominent;  thorax  dark  yellow;  wing  pads 
li^t  yellowish  with  dark  margin  at  base,  extending  to  fifth  abdominal  segment. 
Antennae  light  brown,  as  long  as  body. 
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DISTRIBUTION. 

The  collection  of  Tingitidae  at  the  U.  S.  National  Museum  contains 

few  specimens  of  this  species.     These  have  been  recorded  by  Mr. 

Heidemann    in   his   paper   as   follows:   Kirkwood,  Mo.,  August  10 

(Riley,  Pergande),  found  on  Solanum  carolinense  and  Solanum  elae- 

afjnifolium;  Lavaca  County,  Tex.,  June  21;  Columbus,  Tex.,  Jul^^  29, 

1879  (Riley  collection),  on  coffee  weed  (Cassia  sp.)  and  Solanum  sp.; 

El  Reno,  Okla.,  July  12,  1909;  Norfolk,  Va.,  June  12,  1913  and  1914 

(Fink),  and  the  author  stated  at  the  time  *^It  is  recorded  as  found 

on  eggplants  in  great  abundaijce.^'     The  species  was  also  founcLby 

Dr.  F.  II.  Chittenden,  August  12,   1913,  and  later,  and   by  others, 

indudmg  the  writ<?r,  in  the  District  of  Columbia,  and  by  the  WTiter 

in  Maryland   and   at  Occoquan,   Va.     Judging  from   the  localities 

already  known  it  is  a  native  American  species  and  seems  to  have  a 

range  of  distribution  extending  from  the  South  Atlantic  coast  to  the 

Southwestern  States. 

SEASONAL  HISTORY. 

THE  ADULTS. 

Early  in  spring,  almost  as  soon  as  eggplants  are  set  in  the  field, 
the  hibernating  adults  begin  to  infest  them  and  establish  colonies. 
Thus  adults  and  eggs  were  found  as  early  as  May  20.  The  adults 
reproduce  and  feed  the  entire  summer  on  the  eggplant,  but  migrate 
to  the  horse  nettle  (Solanum  carolinense)  during  the  latter  part  of 
August  and  the  first  week  in  September,  when  the  season  for  eggplant 
is  about  over.  Here  they  continue  breeding  until  cold  weather  sets 
in.  The  adults  hibernate  in  the  shriveled  leaves  or  in  the  ground 
under  debris,  reinfesting  the  next  crop  when  set  out. 

The  egg-laying  period  in  the  field  lasts  from  four  to  five  days.  In 
the  laboratory  the  duration  is  slightly  longer,  the  temperature  aver- 
aging 75°  F.  Table  I  indicates  the  date  and  number  of  eggs  depos- 
ited by  throe  females  confined  in  the  laboratory. 

Table  I. — Number  of  eggs  deposited  by  females  of  the  eggplant  lace-bug j  Norfolk^ 

Va.,  1914. 
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Plate  I. 


FiQ.  1.— Last  Nymphal  Stage  of  the 
Eggplant  Lace-Bug.  Greatly  En- 
larged.   (Original.) 


Fig.  2.— Adult  of  the   Eggplant    Lace-Bug.     Greatly 
Enlarged.    (Original.) 

THE    EGGPLANT    LACE-BUG    (GARGAPHIA    SOLANI). 
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Bui.  23^,  U.  S    D.-pt.  of  Agriculture.  PLATE    II. 


Surface  of   Eggplant   Leaf,   Yellow  and   Dry  as   a   Result   of  Lace-Bug 

Attack.    (Original.) 

WORK    OF    THE    EGGPLANT    LACE-BUG. 
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Last  Nymphal  Stage  of  the  Eggplant  Lace-Bug  on  Underside  of  Eggplant 
Leaf.    Norfolk,  Va.,  1914.    (Original.) 

THE    EGGPLANT    LACE-BUG. 
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Plate  VI. 
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THE  EGGPLANT  LACE-BUG. 


THE  EGGS. 

The  minute  greenish  eggs  are  deposited  on  the  underside  of  the 
leaves  in  circular  masses  of  about  11 6  to  1 88 .  Their  bases  are  attached 
in  irr^ular  rows,  not  erect,  but,  as  before  stated,  leaning  in  different 
directions  and  at  different  angles.  A  sticky  secretion  is  spread  over 
the  eggs  after  oviposition.  To  the  imaided  eye  the  eggs  appear  Uke 
a  mass  of  mere  dots  on  the  underside  of  the  leaf,  occupying  an  area 
of  leaf  surface  about  one-half  inch  in  diameter.  The  female  attends 
the  eggs  during  the  entire  period  of  incubation,  leaving  them  only  at 
intervals  to  feed,  and  later,  when  the  nymphs  emerge,  is  constantly 
in  attendance. 

Table  II  indicates  the  normal  period  of  incubation  for  the  simimer 
months.  Since  not  all  the  eggs  are  deposited  at  one  time  by  the 
female,  the  emergence  of  the  nymphs  extends  over  several  days.  The 
table,  however,  refers  to  dates  when  nymphs  first  began  emerging. 

Table  II. — IncubcUion  period  of  the  eggplant  lace-bug y  Norfolk^  Fa.,  1914. 


No. 

Date  of 

deposi- 

tJon  of 

eggs. 

Date  of 
emer- 
gence of 
nymphs. 

Incuba- 
tion 
period. 

No. 

Date  of 
deposi- 
tion of 
eggs. 

Date  of 
emer- 
gence of 

Incuba- 
tion 
period. 

1 

May  24 
May  25 
June  15 
June  17 
June  21 

May  30 
May  31 
June  23 
June  24 
June  28 

Days. 
6 
6 

8 
7 
5 

6 

June  23 
June  23 
June  28 
July    4 

June  28 
June  29 
July    3 
July  19 

Dayi^. 
5 

2 

1  7 : 

6 

8 

i  8 

7 

4 

9 

5 

5 

THE  NYMPHS. 

The  nymphs  are  always  found  feeding  in  groups  (Pis.  IV  and  V). 
After  the  first  molt  they  become  yellow  and  at  the  same  time  3hif t 
their  feeding  position  on  the  leaves.  When  migrating  from  one  leaf 
to  another  the  female  adidt  usually  directs  the  way,  and  with  her 
long  antennse  keeps  the  nymphs  together  or  rebukes  any  straggler 
or  deserter.  It  is  an  interesting  sight  to  observe  the  migration  of  a 
colony  of  more  than  a  himdred  nymphs,  with  the  female  adult  hurry- 
ing from  one  end  of  the  flock  to  the  other,  keeping  them  together, 
and  at  the  same  time  urging  them  in  the  right  direction  during  the 
migratioli.  When  a  new  area  has  been  selected  the  nymphs  settle 
down,  insert  the  proboscis,  and  begin  to  feed. 

In  its  \mdeveloped  forms,  particularly  in  its  last  two  nymphal 
stages,  the  eggplant  lace-bug  is  an  interesting  and  grotesque-looking 
object.  The  head  and  body  are  covered  with  spiny  processes  the 
function  of  which  is  not  yet  well  understood.  Some  of  the  spines  on 
the  head  are  hornlike  and,  situated  as  they  are  near  the  eyes,  they 
resemble  very  much  the  horns  of  some  domesticated  animals. 

That  the  adult  female  keeps  a  watchfid  eye  for  intruders  and  ene- 
mies while  in  attendance  on  the  nymphs  is  attested  by  the  foDowing 
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observation:  On  one  occasion  whilfe  observing  the  feeding  of  the 
nymphs  a  lady  beetle  (Hippodamia  convergent  Guer.)  was  seen  to 
approach  the  brood,  when  the  adult  lace-bug  in  attendance  on  iJie 
nymphs,  with  outstretched,  slightly  raised  vnngs,  suddenly  dartod 
toward  the  intruder,  driving  it  from  the  leaf. 

From  the  time  the  nymphs  are  bom  until  they  reach  the  aduh 
form  they  pass  through  five  distinct  molting  periods,  and  whmi  tem- 
perature and  other  conditions  are  normal  the  time  between  molts  is 
quite  constant.  From  Table  III  it  will  be  observed  that  two  dayi 
is  the  usual  period  between  molts. 

Table  III. — Molting  stages  of  nymphs  of  the  eggplant  lace-bug,  Norfolk,  Va.,  1914. 


No. 

Date 
hatched. 

First 
molt. 

Second 
moH. 

Third 
molt. 

Fourth 
molt. 

Fifth 
molU 

Adult 

1                       

July    0 
...do..... 

...do 

July  12 

...do 

...do 

...do 

...do 

July  15 
July  13 

...do 

...do 

...do 

...do 

July  15 

July  17 

...do 

Dead. 
July  15 

July  17 

...do 

...do 

July  18 

...do 

July  17 

...do 

...do 

...do 

2 

3 

4 

...do 

July  10 
July    0 

...do 

...do 

...do 

...do 

5 

July     7 

A^gn. 

6 

7 

8 

9 

LIFE  CYCLE  AND  NUMBER  OF  GENEBATION& 

Since  two  days  represents  -the  duration  of  time  between  molts,  the 
life  of  the  nymph  from  the  egg  to  the  last  nymph;  under  normal 
conditions,  is  10  days.  Allowing  six  days  for  the  egg  stage  and  sev- 
eral days  for  time  before  and  after  copulation  by  adults,  the  life  cyde 
is  approximately  20  days. 

In  the  vicinity  of  Norfolk,  Va.,  this  lace-bug  was  found  breecfing 
as  late  as  November,  giving  a  breeding  season  of  nearly  six  months. 
There  is  a  possibility  of  from  seven  to  eight  generations  a  season. 
Apparently  six  generations  are  spent  on  eggplant  and  the  remainder 
on  horse  nettle. 

Most  of  the  generations  in  the  field  overlap,  and  the  followiiig 
observations  made  during  the  smnmer  of  1914  indicate  that  six 
generations  are  spent  on  eggplant. 

First  generation,  May  24. 
Second  generation,  June  11. 
Third  generation,  July  7. 


Fourth  generation,  July  26. 
Fifth  generation,  August  15. 
Sixth  generation,  September  4. 


In  the  region  of  Norfolk,  Va.,  as  stated  before,  the  growing  seastm 
for  eggplant  ends  about  the  last  of  August  or  the  first  week  in  SqH 
tember,  after  which  the  lace-bug  is  found  on  the  horse  nettle  (SoU^ 
num  carolinease),  where  it  continues  to  feed.  It  undoubtedly  pro- 
duces several  generations  on  this  plant,  .for  as  late  as  November  afl 
stages  of  the  insect,  including  eggs,  were  found  on  it. 


Digiti 


zed  by  Google 


THE  EGGPLANT  LACE-BUG. 


NATURAL  ENEMIES. 


Several  predaceous  insects  were  observed  feeding  on  the  nymphs 
and  adults  of  the  eggplant  lace-btig.  The  species  of  ladybeetles 
common  in  this  section,  Hippodamia  canvergens  Guer.  and  MegiUa 
macvlata  De  Geer,  in  both  the  larval  and  adidt  forms  feed  on  the 
nymphs  and  adults  of  this  lace-bug,  usually  turning  them  over  on 
their  backs  before  feeding.  A  conmion  soldier-bug,  Podisus  macw- 
Uventris  Say,  feeds  on  the  nymphs.  Another  conmion  hemipteron 
found  feeding  on  the  nymphs  is  TripMepa  insidiosus  Say.  Three 
species  of  spiders,  Epeira  dcmicUiorum  Hentz,  Plectana  steUata  Hentz, 
and  Ohira^xmtMumiridusum  Hentz,  identified  by  Mr.  Nathan  Banks, 
of  the  Bureau  of  Entomology,  were  observed  feeding  on  aU  stages  of 
the  lace-bugs.  It  was  not  unconmion  to  find  many  lace-bugs  with  the 
head  severed  and  the  body  mutilated.  A  very  few  specimens  of  a 
hymenopterous  parasite  were  reared  with  the  adult  lace-bugs;  this 
was  identified  as  Microdtis  sp.*  but  it  was  not  positively  proved  to 
attack  the  lace-bug. 

METHODS  OP  CONTROL. 

June  17  and  18,  1914,  a  series  of  spraying  experiments  against  this 
laee-bug  was  undertaken  in  which  the  comparative  values  of  fish-oil 
soap  and  various  strengths  of  a  standard  blackleaf  tobacco  extract 
containing  40  per  cent  active  nicotine  sulphate  were  tested.  (See  Plate 
IV.)     The  results  were  quite  satisfactory. 

Table  IV. — Spraying  experiments  against  the  eggplant  lace-hug,  Norfolk,  Va.,  1914. 


No. 


Fiah-oil  soap. 


Nicotine  sul- 
phate. 


Nymphs 

]dlled(per 

cent). 


Adults 

IdUed(per 

cent). 


1... 
2... 
J... 
4... 
«.. 
«.. 
7... 
S... 
f.. 


1  pound  to  60  gallons  of  water .. . 

do. 

do 

2^  pounds  to  50  gallons  of  water . 
3  pounds  to  50  gallons  of  water. . 

6  pounds  to  50  gallons  of  water . . 
0  pounds  to  50  gallons  of  water. . 

7  pounds  to  60  gallons  of  water . . 

8  pounds  to  50  gallons  of  water. . 


1  to  1,066 
1  to  800 
Ito  ■  640 


80  to  86 
90 
85  to  90 
80  to  85 
90 
95 
100 
100 
100 


None. 

None. 

None. 

None. 

None. 

None. 

40  to  50 

90  to  96 

95 


From  the  above  table  it  will  be  readily  seen  that  the  percentage  of 
nymphs  lolled  was  but  slightly  affected  by  the  increase  in  the  amount 
of  the  nicotine  sulphate,  and  that  the  latter  had  no  effect  whatever  on 
the  adults;  whereas  with  each  increase  in  the  amount  of  fish-oil  soap 
there  was  a  corresponding  increase  in  the  percentage  of  nymphs  killed, 
until  finally  we  arrive  at  a  strength  which  will  affect  the  adults. 
Above  that  strength  we  may  then  get  perfect  control  of  both  the 
nymphs  and  adults. 

Too  much  emphasis  can  not  be  laid  on  the  thoroughness  with 
which  the  spraying  should  be  performed.  It  is  particidarly  essential 
that  the  underside  of  the  leaves  be  thoroughly  covered  by  the  spray. 
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INTRODUCTION. 

The  process  of  heating  milk  in  bottles  is  by  no  means  a  new  one,  for 
it  probably  dates  back  to  the  work  of  Soxhlet  (1)  ,^  from  1886  to  1891. 
In  general,  however,  the  object  has  been  partially  or  completely  to 
sterilize  the  milk  by  the  use  of  high  temperatures  rather  than  simply 
to  pasteurize  it  at  low  temperatures.  While  the  practice  of  steriliz- 
ing or  partially  sterilizing  milk  in  bottles  has  been  extensively  prac- 
ticed in  several  countries  in  Europe,  the  pasteurization  of  milk  in 
bottles  has  not  been  so  common. 

1-  The  figures  In  parenthesis  refer  to  the  list  of  citations  to  literature  at  the  end  of  the 
paper. 

Note, — ^Thls  paper  Is  of  interest  to  milk  dealers,  health  oflQcials,  and  all  who  have  to  do 
with  the  milk  supply  of  dtles ;  it  is  suitable  for  distribution  In  all  parts  of  the  country. 
04289*— 15 1 
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It  is  evident  from  the  report  of  (lerber  and  Wieske  (2)  that  pas- 
teurization in  bottles  has  been  practiced  in  certain  localities  for  a 
considerable  period  of  time.  According  to  these  authors,  pasteuri- 
zation in  bottles  by  the  })rocess  of  Gerber,  which  consists  of  heating 
milk  in  bottles  for  one  hour  at  05°  C.  (149°  F.),  during  which  they 
are  agitated,  had  been  practiced  in  certain  dairies  for  15  years  pre- 
vious to  1003. 

In  this  country  milk  has  been  pasteurized  directly  in  bottles  at 
various  Strauss  infant  milk  stations  for  several  years,  but  this  proc- 
ess has  not  been  used  on  an  extensive  commercial  scale  until  within 
the  last  two  years.  During  the  summer  of  1910  an  investigation  was 
started  of  the  bacteria  which  survived  pasteurization  in  flasks  and 
of  the  efficiency  of  the  ])rocess.  A  report  of  this  work  has  been  pub- 
lished in  Bulletin  101  of  the  Bureau  of  Animal  Industry  (3). 

While  this  work  was  in  progress  Xoilh  (4)  suggested  the  pasteuri- 
zation of  milk  in  bottles  on  a  commercial  scale  by  the  use  of  machines 
similar  to  those  which  have  been  in  use  in  breweries  for  several  years. 

The  process  of  pasteurizing  in  bottles  consists  in  bottling  the  milk 
in  specially  constructed  bottles  of  sufficient  size  to  allow  a  space  in 
the  top  of  the  bottle  to  take  care  of  the  expansion  of  the  milk  during 
heating.  The  bottles  are  capped  with  special  water-tight  caps  and 
submerged  in  h<  t  water.  After  the  milk  in  the  bottles  has  reached 
the  pasteurizing  temperature,  the  temperature  is  maintained  for  30 
minutes;  the  hot  water  is  then  replaced  by  cold  and  the  milk  cooled. 
In  general  it  takes  about  30  minutes  to  heat  the  bottles,  30  minutes 
for  the  holding  period,  and  30  minutes  to  cool.  Milk  is  also  pas- 
teurized in  the  bottle  by  heating  and  cooling  with  water  which  is 
sprayed  over  the  bottles.  By  this  method  of  spraying,  ordinary- 
caps  with  a  protective  covering  can  be  used;  this  will  be  described 
in  another  place  in  this  bulletin. 

This  process  of  pasteurizing  in  bottles  is  now  used  on  a  commer- 
cial scale  in  a  number  of  milk  plants  throughout  this  country. 

Numerous  advantages  of  this  method  of  pasteurization  over  the 
ordinary  methods  have  been  claimed  particularly  in  relation  to  the 
far  superior  bacterial  reductions  obtained.  The  most  obvious  point 
of  advantage  of  this  process  is  the  prevention  of  reinfection  after 
pasteurizing,  but  it  seems  as  though  a  modification'  of  the  present 
system  of  "  holder  "  pasteurization  by  bottling  the  pasteurized  milk 
while  hot,  as  suggested  previously  by  the  senior  writer  (5),  would 
help  to  solve  the  problem  of  reinfection. 

Accordingly,  the  general  object  of  the  work  hereinafter  described 
has  been  to  compare  on  a  laboratory  scale  pasteurization  in  bottles 
with  the  process  of  bottling  hot  pasteurized  milk.  The  special  ob- 
jects have  been  to  determine  the  bacterial  reductions  in  each  process, 
to  study  any  special  points  which  must  be  considered  in  the  opera- 
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tion  of  each  process,  and  to  present  preliminary  data  on  the  cooling 
of  milk  in  bottles  by  an  air  blast. 

METHOD  OF  BACTERIOLOGICAL  ANALYSIS, 

Since  bacterial  counts  are  widely  influenced  by  differences  in  media 
and  incubation  it  is  always  essential  in  discussing  the  results  of  bac- 
teriological work  to  explain  exactly  how  the  counts  were  obtained. 
In  this  work  plain  infusion  agar,  made  according  to  the  recom- 
mendations of  the  committee  en  milk  analysis  (6),  was  used.  The 
plates  were  incubated  for  five  days  at  30*^  C.  (86°  F.)  and  counted. 

METHOD  OF  PASTEURIZING  IN  BOTTLES. 

Milk  was  placed  in  special  bottles,  similar  to  those  supplied  to  the 
trade,  and  capped  by  machine  with  patented  metal  caps.  The  bottles 
were  heated  by  being  submerged  in  hot  water  at  a  temperature  of 
from  145°  to  147°  F.  After  the  temperature  in  the  bottom  of  the 
bottles  had  reached  145  **  F.  they  were  held  at  that  temperature  for 
80  minutes  and  removed,  plates  being  made  while  the  milk  was  hot. 
The  bottles  were  so  constructed  that  after  a  full  quart  of  milk  was. 
poured  in  there  remained  an  air  space  of  sufficient  size  to  allow  for 
the  expansion  during  the  heating.  While  heating  it  was  noticed  that 
the  milk  expanded  and  pressure  enough  was  generated  to  lift  the 
caps  slightly  so  as  to  allow  air  to  escape.  Special  care  was  taken  to 
see  that  the  temperature  in  the  bottom  of  the  bottle  of  milk  was 
maintained  for  the  full  30  minutes. 

The  method  of  pasteurization  was  the  same  as  is  used  on  a  com- 
mercial scale;  hence,  the  results  obtained  are  directly  applicable  to 
commercial  conditions.  The  fact  that  the  bacterial  counts  were  taken 
directly  after  heating  has  no  effect  on  the  results,  since  it  has  been 
shown  that  cooling  plays  no  part  in  the  destruction  of  bacteria  in  the 
pasteurizing  process  (3). 

BACTERIAL  REDUCTIONS  BY  PASTEURIZATION  IN  BOTTLES. 

It  has  been  claimed  that  remarkable  bacterial  reductions  have  been 
obtained  by  pasteurization  in  bottles  which  were  far  superior  to  those 
obtained  by  other  methods  even  when  the  same  temperature  and 
holding  period  were  used.  In  order  to  determine  what  reductions 
could  be  obtained,  34  samples  of  milk  were  pasteurized  in  bottles. 

The  results  are  seen  in  Table  1.  The  bottles  for  samples  Nos.  2 
to  23,  inclusive,  were  washed  clean  in  hot  water,  but  not  steamed, 
before  they  were  filled  with  raw  milk.  The  bottles  for  the  other 
samples  were  steamed  two  minutes  and  then  cooled  before  they  were 
filled  with  raw  milk. 
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Table  1. — Bacterial  reductions  during  the  process  of  pasteurization  in  bottUs. 


Sample  No. 


2  . 

3  . 

4  . 

5  . 

6  . 

7  . 

8  . 
0. 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


Raw  milk. 


BacUria 

perc.c. 
58,000 
63,000 

5,100,000 
580,000 

5,900,000 
99,000 

7,400,000 
191,000 
14,100,000 
24,700 
75,000 
126,000 

4,100,000 
76,000 

8,100,000 
18,900 
24,000 
28,300 


After  pas- 
teurkatJon 

in  the 
botUe  for 
30  minutes 
at  145*  F. 


BacUria 
perce. 
1,630 
1,070 

11,800 
8,000 

15,600 

980 

7,100 

7,600 

14,200 
5,780 

28,000 
1,720 
2,410 
3,550 
1,660 
710 

10,900 

23,300 


Percentage 
reduction. 


97.18 
98.30 
99.76 
96.62 
99.74 
99.01 
99.90 
96.02 
99.89 
75.59 
62.66 
98.63 

95!  32 
99.98 
96.24 
5a  41 
17.67 


Sample  No. 


BacUria 

per  c.e. 

80,000 

160,000 

151,000 

81,000 

24,900 

94,000 

305,000 

235,000 

176,000 

97,000 

230,000 

124,000 

450,000 

33 ,    3,950,000 

34 985,000 

35 190,000 


Raw  milk. 


Average.     1,570,493 


After  pas- 
teurlzatioii 

in  the 
botUeilor 
30  minutes 
at  145"  F. 


BacUria 
per  c.e. 

2,010 
29,500 
12,500 

9,800 
570 

2,200 
55,800 

7,600 
11,400 

8,350 

5,500 

1,500 
U,400 

3,520 
18,400 

9.300 


9,863 


PerontagB 
reduction. 


97.48 
8LM 
91.73 
87.90 
97.71 
97.16 
8L70 
9&K 
98.S2 
M.39 

r.si 

98.79 
97.46 
98191 
9&13 
95.10 


9a  88 


As  may  be  seen  from  the  table,  the  bacterial  reductions  were  high 
as  a  rule,  but  there  were  exceptions.  The  average  total  coimt  of  the 
samples  of  raw  milk  was  1,570,493  and  after  pasteurization  9,863  bac- 
teria per  cubic  centimeter.  It  is  interesting  to  note  that  the  percent- 
age reductions  averaged  90.86  per  cent  and  ranged  from  17.67  per 
cent  to  99.98  per  cent.  When  the  latter  reduction  was  obtained  the 
raw  milk  contained  8,100,000  bacteria  per  cubic  centimeter ;  when  the 
minimum  reduction  was  obtained  the  raw  milk  contained  28,300  bac- 
teria per  cubic  centimeter.  These  results  further  substantiate  the  con- 
clusion expressed  in  Bulletin  161,  page  58  (3)  ,that  percentage  bacterial 
reduction  has  no  special  meaning,  since  it  is  influenced  by  the  number 
and  kinds  of  bacteria  in  the  milk  when  pasteurized.  Considering 
the  results  as  a  whole,  it  is  evident  that  low  counts  may  be  obtained 
by  pasteurization  in  bottles. 

While  carrying  on  these  experiments  the  following  points  were 
noted  which  are  worthy  of  attention : 

TEMPERATURE  OF  THE  MILK  DURING  HEATING. 

In  the  process  of  pasteurization  it  was  found  that  the  temperature 
of  the  milk  in  different  parts  of  the  bottle  was  quite  different  during 
the  time  the  milk  was  being  heated.  Several  experiments  were  made, 
heating  water  in  sealed  bottles  to  determine  the  differences  in  the  top, 
middle,  and  bottom  of  the  bottles.  Three  thermometers  were  inserted 
through  a  rubber  stopper  into  a  bottle  so  that  the  stems  were  at  the 
top,  middle,  and  bottom  of  the  bottle,  respectively.  The  bottles  were 
then  submerged  in  hot  water  at  a  temperature  of  from  145°  to  146^ 
F.  and  the  temperatures  of  the  water  in  the  bottles  were  recorded. 
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Four  pint  bottles  and  four  quart  bottles  were  i\sed.  The  averaged 
temperatures  in  the  pint  bottles  are  shown  in  figure  1.  It  will  be  seen 
from  the  curves  that  in  a  pint  bottle  with  water  at  50°  F.  submerged 
in  hot  water  at  about  145°  F.  it  took  lOf  minutes  longer  for  the  tem- 
perature in  the  bottom  of  the  bottle  to  reach  140°  F.  after  the  top  had 
reached  that  temperature  and  4f  minutes  longer  for  the  temperature 
in  the  middle  of  the  bottle.  When  the  temperature  in  the  top  of  the 
bottle  was  140°  F.,  in  the  bottom  it  was  only  118°  F. 

The  averaged  temperatures  of  four  quart  bottles  are  shown  in  figure 
2.  When  the  temperature  in  the  top  of  the  bottle  was  140°  F.,  that 
in  the  bottom  was  only  127°  F.,  and  it  took  9J  minutes  longer  for  the 
temperature  in  the  bottom  to  reach  140°  F. 


■  14   l6   |x8   20   23  I  24   26   28   30   32   34   36   38   40 
12.4       17.6         23.2 

Heating  period  in  minutes. 

PlO.  1. — Variations  In  temperature  in  different  parts  of  pint  bottles  of  water  during  the 
process  of  pasteurization  in  the  bottle. 

It  is  evident  that  when  pasteurizing  in  the  bottle  care  must  be  taken 
to  record  the  temperature  in  the  bottom  of  a  bottle  and  to  date  the 
holding  period  of  30  minutes  from  the  time  the  bottom  temperature 
has  reached  145°  F.  In  recording  the  temperature  an  accurate  ther- 
mometer should  be  used,  and  it  should  reach  to  within  one-half  inch 
of  the  bottom  of  the  bottle. 

COOUNG  THE  MILK  AFTER  PASTEURIZING. 

After  the  milk  is  heated  in  bottles  on  a  commercial  scale  it  is 
cooled  by  replacing  the  hot  water  with  cold  and  gradually  changing 
the  temperatures  so  as  not  to  break  the  bottles.  Upon  cooling,  the 
hot  milk  contracts  and  a  partial  vacuum  is  formed  in  the  bottle  when 
the  caps  are  tight.  It  is  recommended  by  the  manufacturers  of 
some  of  the  patent  caps  that  after  heating  the  bottles  be  allowed  to 
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cod  for  a  few  mLautes  in  air  until  the  cap  becomes  concave,  as  this 
18  said  to  hold  the  cap  on  tight  and  helps  to  make  it  water-tight 
Otoriously,  it  is  of  utmost  importance  that  the  caps  be  water-tight, 
since  thev  are  submerged  in  water  during  cooling,  and  if  not  tight 
the  milk  may  become  infected  bv  polluted  cooling  water. 

When  bottles  are  submerged  the  ordinary  cardboard  cap  is  of  no 
value  for  pasteurization  in  the  bottle,  since  water  will  easily  pene- 
trate during  cooling.  This  makes  it  necessary  to  use  some  form  of 
patented  cap,  of  which  both  specially  treated  cardboard  and  metal 
caps  are  on  the  market.  It  is  almost  needless  to  state  that  if  the  edge 
of  the  bottle  is  chipped  or  otherwise  imperfect  almost  any  seal  cap 
will  not  be  water-tight  during  the  cooling.  Imperfect  bottles  must 
not  be  used.    It  is  claimed  by  the  manufacturers  of  patented  seal 
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Heating  period  in  minates. 
-Variations  in  temperature  in  different  parts  of  quart  bottles  of  water  daring  tlie 
process  of  pasteurisation  in  ttie  bottle. 

caps  that  they  are  tight  on  perfect  bottles.  It  would  be  advisable, 
however,  for  the  dairyman  to  test  the  tightness  of  his  caps  by  tl\e 
following  method :  Fill  the  milk  bottle  with  a  0.05  per  cent  solution 
of  barium  chlorid  (BaClj).  The  barium-chlorid  solution  should  be 
made  up  with  distilled  water,  since  the  sulfates  present  in  ordinary 
water  will  cloud  the  solution.  Cap  the  bottles  in  the  usual  way 
with  a  seal  cap  and  heat  to  145°  F.,  submerge,  and  cool  in  a  10  per 
cent  solution  of  magnesium  sulfate  (MgSo4). 

If  any  of  the  magnesium  sulfate  leaks  into  the  bottle  during  cool- 
ing the  barium-chlorid  solution  will  become  cloudy,  owing  to  the 
formation  of  barium  sulfate,  which  is  insoluble.  This  test  is  very 
delicate  and  will  show  even  a  slight  leak.  Both  these  chemicals  may 
be  obtained  at  any  drug  store.  Since  barium  chlorid  w  poisonous, 
after  testing  bottles  in  which  it  has  been  used  care  must  be  taken  to 
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vyash  the  bottles  thoroughly  in  order  to  remove  the  barium  solution. 
Care  must  also  be  exercised  to  keep  the  chlorid  solution  from,  all 
edible  products  about  the  plant. 

ADVANTAGES  AND  DISADVANTAGES  OF  PASTEURIZATION  IN 

BOTTLES. 

From  a  bacteriological  standpoint  the  advantage  of  pasteuriza- 
tion in  bottles  lies  in  the  fact  that  reinfection  after  pasteurization  is 
usually  prevented,  v  In  the  ordinary  methods  of  pasteurization  there 
is  a  great  opportunity  for  infection  from  coolers  and  in  bottling.  Of 
course  the  proper  handling  in  the  ordinary  method  of  pasteurization 
reduces  and  may  prevent  subsequent  reinfection,  but  the  possibility 
still  remains. 

It  is  the  general  opinion  that  the  process  of  pasteurization  in  bot- 
tles also  effects  a  great  saving  in  milk  by  doing  away  with  the  loss 
in  evaporation  over  the  coolers  and  with  the  loss  in  milk  which 
adheres  to  the  apparatus  in  the  process  of  pasteurization.  Undoubt- 
edly this  saving  is  quite  a  considerable  factor.  There  may  also  be  a 
saving  in  the  expense  of  machinery  and  in  the  interest  on  the  capital 
invested,  but  it  is  not  the  province  of  this  paper  to  discuss  the  finan- 
cial aspect  of  this  process. 

On  the  other  hand,  in  a  plant  where  pasteurization  is  now  per- 
formed in  the  ordinary  way,  it  would  be  necessary  to  install  an 
entirely  new  equipment  for  this  system  of  pasteurization  in  the 
bottle.  When  bottles  are  heated  and  cooled  by  submerging  in  water 
perhaps  the  greatest  disadvantage  is  the  cost  of  Water-tight  caps. 
This  item  of  expense  is  important,  since  it  may  increase  the  cost  of 
pasteurization  as  much  as  one-fifth  of  a  cent  per  bottle.  Whether 
the  saving  in  milk  losses  is  sufficient  to  overcome  this  added  expense 
can  be  determined  only  by  the  actual  operation  of  a  milk  plant.  In 
some  processes  of  pasteurization  in  the  bottle  ordinary  caps  can  be 
used,  as  the  bottles  of  milk  are  heated  and  cooled  by  a  spray  of  water, 
and  the  tops  of  the  bottles  are  protected  by  metal  coverings. 

MACHINERY  FOR  PASTEURIZING  MILK  IN  BOTTLES. 

Pasteurization  in  the  bottle  has  been  practiced  on  a  commercial 
scale  in  many  different  ways  since  water-tight  caps  made  it  possible 
to  heat  milk  in  bottles  by  submerging  in  water.  When  this  process 
of  pasteurization  was  first  practiced  the  bottles,  with  water-tight 
caps,  were  placed  in  tanks  and  heated,  held,  and  cooled  by  changing 
the  water.  This  method,  while  satisfactory  on  a  small  scale,  was 
hardly  practical  in  large  plants.  Several  types  of  machines  have 
been  invented,  which  make  the  process  continuous.     One  of  these 
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machines  is  shown  in  figure  3.  The  machine  consists  of  a  large  tank 
divided  into  two  compartments  and  two  smaller  tanks.  These  con- 
tain water  at  different  temperatures.  Bottle-holding  frames  are  car- 
ried through  these  compartments  on  an  endless  chain  in  the  manner 
shown  in  the  drawing.  The  raw  milk  is  bottled  and  capped  with 
water-tight  caps,  then  placed  on  the  bottle-holding  frames  of  the 
machine  on  the  loading  end.  The  bottles  of  milk  are  then  carried 
through  the  preheating  compartment  into  the  pasteurizing  compart- 
ment where  they  remain  for  about  30  minutes.  From  the  pasteuriz- 
ing tank  the  bottles  are  carried  to  the  cooling  tank,  then  to  the 
refrigerating  tank,  after  which  they  are  removed  from  the  machine. 
The  process  is  continuous,  the  bottles  of  milk  being  loaded  at  one 


Fio.  3.— MachiDe  for  continuous  pasteurization  of  milk  in  bottles.  The  bottles  hate 
water-tight  caps  and  are  conveyed  on  an  endless  chain  through  water  compartments 
of  various  temperatures. 

end,  heated,  held,  and  cooled,  then  unloaded  at  the  other  end  of  the 
ma<5hine.  The  temperature  of  the  water  in  this  machine  is  auto- 
matically controlled. 

There  are  other  machines  on  the  market  which  differ  in  the  man- 
ner in  which  the  bottles  are  carried  through  the  tanks  of  water,  but 
the  principle  is  about  the  same. 

In  other  types  of  pasteurizers  the  bottles  are  not  submerged  in 
water  and  consequently  water-tight  caps  are  not  necessary.  The 
bottles  of  milk  are  heated  and  cooled  by  sprays  of  water  and  ordinary 
caps  are  used  and  protected  from  water  by  a  metal  covering.  One 
of  this  type  of  in-the-bottle  pasteurizers  is  shown  in  figure  4.     The 
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crates  of  raw  milk  are  placed  on  an  endless  traveling  conveyor  which 
passes  through  the  machine  and  returns  under  it.  The  bottom  of 
the  machine  is  divided  into  several  compartments  and  each  compart- 
ment is  filled  with  water  for  supplying  the  machine  when  in  oper- 
ation. The  top  of  the  machine  is  a  flooding  pan  divided  into  com- 
partments corresponding  to  those  in  the  bottom  of  the  machine. 
Pumps  draw  the  water  from  the  lower  compartments  and  force  it 
into  the  corresponding  top  sections,  from  which  it  returns  in  the  form 
of  a  shower  through  perforated  bottoms.  The  process  is  repeated 
with  the  same  water.  As  the  crates  of  milk  pass  through  the  machine 
they  pass  through  showers  of  water  at  diflFerent  temperatures  and 
are  heated  to  the  pasteurizing  temperature,  then  held  and  finally 


Fio.  4. — ^Another  type  of  continuoas  machine  In  wblth  the  bottles  of  milk  have  ordinary 
caps  and  are  passed  throagh  showers  of  water  at  various  temperatares. 

cooled.  The  tops  of  the  bottles  are  protected  from  water  by  metal 
caps  arranged  as  shown  in  figure  5.  This  frame  of  metal  caps  covers 
the  top  of  each  bottle  in  the  crate. 

The  pasteurizing  section  of  the  machine  is  located  in  the  center 
with  the  preheating  and  cooling  section  at  each  end.  The  preheating 
and  cooling  sections  are  connected  by  channels,  because  the  cool  milk 
entering  the  machine  has  a  tendency  to  cool  the  water  and  the  hot 
milk  emerging  from  the  pasteurizing  section  has  a  tendency  to  heat 

94280*'— 15 2 
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it.    The  temperature  of  the  water  in  the  pasteurizing  section  is  auto- 
matically maintained. 

In  figure  G  is  shown  another  type  of  in-the-bottle  pasteurizer  which 
is  so  arranged  that  bottles  of  milk  may  be  heated  with  ordinary 


Fio.  5. — Metal  caps  In  franio  for  protoctlon  of  bottlos  ns  operated  In  machines  Rhown  In 

figures  4  and  G. 

caps.  The  pasteurizer  is  made  of  sheet  inetal  and  contains  racks 
which  hold  crates  of  l)ottles.  The  tops  of  the  bottles  are  covered 
with  metal  caps  of  the  type  shown  in  figure  5.  The  crates  of  raw 
milk  covered  with  metal  caps  are  placed  on  the  racks  in  the  pasteur- 


Pio.  6. — A  pnsti'iirlzln^'  machine  in  wliich  paper-capped  bottles  are  protected  by  metal 
caps,  and  lnating  and  coolin;;  are  done,  respectively,  by  circulation  of  hot  and  cold 
water. 

izer  and  heated  by  means  of  hot  water  which  is  forced  against  the 
bottlf^s.  The  water  is  circulated  by  means  of  a  pump  and  is  used 
continuously.  After  the  milk  has  reached  145°  F.  it  is  held  for  30 
minutes  and  then  cooled.    Cooling  is  accomplished  by  replacing  the 
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hot  water  by  cold,  while  for  low  temperatures  a  special  set  of  cooling 
pipes  is  supplied.  The  temperature  of  the  heating  water  can  be 
automatically  controlled. 

METHOD  OP  PASTEURIZING  MILK  IN  BULK  AND  BOTTUNG  WfflLE 

HOT. 

For  the  pasteurization  of  milk  in  bulk  a  double-walled  cylindrical 
tin  tank  with  a  capacity  of  about  3^  gallons  was  used.    The  con- 


Pulley 


Thermometers 


Air  Pipe 


Revolving  Paddle - 


Rubber  Tube 
with  Pinch  G)ck: 


Milk  Outlet  - - 
QaasTube-- 


PiG.  7. — Apparatus  for  pasteuri2lng  milk  and  bottling  while  hot. 

struction  of  this  tank  is  shown  in  figure  7.  Raw  milk  was  placed 
in  the  milk  tank,  where  it  was  heated  by  hot  water  in  the  outer 
jacket.  The  surrounding  water  was  heated  by  a  steam  jet  and  con- 
stantly agitated  by  blowing  in  a  small  amoimt  of  air.  During  the 
heating  the  milk  was  agitated  by  a  paddle  supported  by  the  cover 
of  the  milk  tank.  The  water  in  the  jacket  was  kept  at  a  temperature 
of  about  146°  F.    The  milk  was  held  at  a  temperature  of  145°  F. 
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for  30  minutes  and  then  drawn  off  while  hot  through  the  outlet  pipe 
into  hot  milk  bottles  which  had  been  steamed  2  minutes.  As  stated 
before,  this  method  of  bottling  milk  while  hot  was  suggested  in  Cir- 
cular 184  of  the  Bureau  of  Animal  Industry  (5),  but  the  suggestion 
then  was  to  bottle  hot  milk  in  cold  bottles.  In  this  work  it  seemed 
advisable  to  bottle  directly  into  hot  bottles,  as  it  makes  it  possible 
to  steam  the  bottles  and  fill  them  before  infection  can  take  place. 
Also,  this  method  eliminates  the  possibility  of  breaking  bottles. 
While  working  on  this  process  of  bottling  milk  hot  it  has  been  found 
that  a  similar  process  was  apparently  patented  several  years  ago,  but, 
so  far  as  known,  it  has  never  been  used  to  any  extent.  This  process 
as  described  by  de  Schweinitz  (7)  consisted  in  pasteurizing  the  milk 
.  at  temperatures  from  160°  to  180°  F.  and  placing  it  while  hot  in  a 
sterilized  milk  jar  or  fruit  jar  with  a  flap  top.  Special  paper  caps 
were  used.  The  jars  of  milk  were  cooled  by  being  placed  in  troughs 
of  iced  water. 

COMPARISON  OF  BACTERLAL  REDUCTIONS  IN  MILK  PASTEURIZED 
IN  BOTTLES  AND  MILK  PASTEURIZED  IN  BULK  AND  BOTTLED 
WHILE  HOT. 

Since  it  has  been  shown  earlier  in  this  bulletin  that  excellent  bac- 
terial reductions  may  be  obtained  by  pasteurization  in  bottl^  a 
question  of  great  importance  arises  as  to  whether  or  not  as  good 
results  can  be  obtained  by  pasteurizing  milk  in  bulk  and  bottling 
while  hot. 

A  series  of  22  samples  of  raw  milk  was  pasteurized  by  both  proc- 
esses at  145°  F.  for  30  minutes.  Part  of  the  milk  was  pasteurized  in 
bulk  in  the  pasteurizer  shown  in  fig.  7  and  bottled  hot  in  hot  bottles 
which  had  been  previously  steamed  for  two  minutes.  In  all  these 
experiments  the  bottles  were  capped  with  ordinary  paper  caps^  no 
precautions  being  used  in  capping  by  hand.  Another  portion  of  the 
same  raw  milk  was  pasteurized  in  bottles.  Both  samples  of  pasteur- 
ized milk  were  examined  bacteriologically  while  hot  in  the  bottles. 

In  the  first  series  the  bottles  in  which  the  milk  was  pasteurized 
directly  were  washed  with  hot  water  and  washing  powder  imme- 
diately before  they  were  filled  with  raw  milk. 
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Table  2. — Comparison  of  bacterial  reductions  in  milk  pasteurized  in  unsteamed 
bottles  and  in  pasteurized  milk  bottled  while  hot  ifi  steamed  bottles. 


Raw  milk 
(bacteria 
per  0.  c). 

Milk  pasteurized  at  05"  F.  for  30  minutes. 

Sample  No. 

Hot  pasteurized  mUk 
In  hot  steamed  bot- 
Ues. 
.  * 

MUk     pasteurized     in 
wasned    but   un- 
steamed bottles.i 

Bacteria 
per  c.  c. 

Percentage 
reduction. 

Bacteria 
per  c.  c. 

Percentage 
reduction. 

2 

58,000 
63,000 

5,100,000 
680,000 

5,900,000 
99,000 

7,400,000 
191,000 
14,100,000 
24,700 
75,000 
126,000 

4,100,000 
76,000 

8,100,000 
18,900 
24,000 
28,300 
80,000 
160,000 
151,000 
81,000 

1,160 
220 
8,400 
8,300 
6,000 
610 
6,300 
2,000 
7,000 
4,550 
3,000 
1,440 
2,470 
1,400 
1,620 
760 
800 
7,050 
1,360 
1,830 
3,200 
6,800 

98.00 
99.65 
99.83 
98.57 
99.90 
99.38 
99.91 
98.96 
99.95 
81.58 
96.00 
98.86 
99.94 
98.16 
99.98 
95.97 
96.66 
75.09 
98.30 
98.86 
97.88 
91.60 

1,630 
1,070 

11,800 
8,000 

16,600 

980 

7,100 

7,600 

14,200 
5,780 

28,000 
1720 
2,410 
3,550 
1,660 
710 

10,900 

23,300 
2,010 

29,500 

12,500 
9,800 

97.18 

3 

98.30 

4 

99.76 

5 

98.62 

« 

99.74 

7 

99.01 

8 

99.90 

9 

96.02 

10 

99.80 

11 

75.59 

12 

62.66 

13 

98.63 

14 

99.94 

15 

95.32 

16 

99.98 

17 

96.24 

18 

50.41 

19 

17.67 

20 

97.48 

21 

81.56 

22 

91.72 

23 

87.90 

2,116,268 

3,467 

96.60 

9,083 

88.34 

1  Bottles  were  washed  clean  in  hot  water,  but  not  steamed,  before  they  were  filled  with  raw  milk. 

The  results  of  the  bacteriological  examinations  are  shown  in  Table 
2.  It  will  be  seen  that  the  average  count  of  the  raw  milk  was  2,115,- 
268  bacteria  per  cubic  centimeter.  After  being  pasteurized  in  bulk 
and  bottled  hot  in  hot  steamed  bottles  the  average  count  was  3,467 
bacteria  per  cubic  centimeter,  while  the  average  count  when  pas- 
teurized in  bottles  was  9,083  bacteria  per  cubic  centimeter.  Compar- 
ing the  percentage  of  bacterial  reductions,  it  will  be  noted  that  the 
average  reduction  of  the  milk  bottled  hot  was  96.50  per  cent  and  only 
88.34  per  cent  in  the  milk  pasteurized  in  bottles.  In  19  of  the  22 
samples  the  bacterial  count  was  lower  in  milk  pasteurized  in  bulk  and 
bottled  hot.  In  many  cases  the  count  was  much  lower,  as  may  be  seen 
by  comparing  samples  4,  6,  7,  12,  and  18.  This  difference  is  par- 
ticularly striking  in  sample  21,  in  which  milk  pasteurized  in  bulk 
and  bottled  hot  showed  a  count  of  1,830,  and  some  of  the  same  milk 
pasteurized  in  a  bottle  for  the  same  time  and  at  the  same  temperature 
contained  29,500  bacteria  per  cubic  centimeter. 

In  the  belief  that  this  marked  difference  might  be  due  to  the  fact 
that  the  bottles  were  steamed  in  the  first  case  and  unsteamed  when 
the  milk  was  pasteurized  directly  in  bottles,  another  series  of  samples 
was  pasteurized  in  which  both  bottles  were  steamed  for  two  minutes 
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in  order  to  eliminatie  this  factor  of  possible  infection.    The  result  of 
these  experiments  are  shown  in  Table  3. 

Table  3. — Comparison  of  bacterial  reductions  in  milk  pasteurized  in  steamed 
bottles  and  in  pasteurized  milk  bottled  while  hot. 


Raw  mUk. 

Bacteria 
perc.c. 

24,900 

94.000 

305.000 

2:15.000 

170,000 

97,000 

2:i0,000 

124,000 

450,000 

3,9.50,000 

9S5,000 

190,000 

Milk  pasteurized  at  145"  F.  for  30  minutes. 

Sample  No. 

Hot  pasteurized  milk  in 
hot  steamed  bottles. 

MUk    pasteurized    In 
steamed  bottles.i 

Bacteria 
perc.c. 

Percentage 
reduction. 

Bacteria 
perc.c. 

reductioii. 

24 

380 
800 
21,800 
6,400 
2,200 
6,900 
6,300 
920 
4,200 
4,320 
11,800 
7,500 

98.47 
99.08 
92.85 
97.70 
98.75 
93.91 
97.26 
99.26 
97.47 
99.89 
98.80 
96.06 

670 
2,200 

65,800 
7,600 

11,400 
8,350 
6,500 
1,500 

11,400 
3,520 

18,400 
9,300 

97.71 

25           

97  68 

20 

81. TO 

27 

96.76 

28 

93.52 

29  

91  39 

30 

97.61 

31 

98.79 

32 

97.46 

33 

99.91 

34 

^.13 

35 

95.10 

Average 

571,700 

5,905 

97.46 

11,295 

95.48 

>  Bottles  were  steamed  two  minutes,  and  cooled  before  they  were  filled  with  raw  milk. 

It  will  be  seen  tliat  the  results  a«:ain  were  in  favor  of  the  milk 
pasteurized  in  bulk  and  bottled  while  hot.  Of  the  12  samples  in  the 
experiment  10  showed  lower  counts  than  when  the  milk  was  pasteur- 
ized in  the  bottles. 

The  average  count  of  the  raw  milk  was  571,766  bacteria  per  cubic 
centimeter.  After  pasteurization  in  bulk,  followed  by  bottling  hot, 
the  count  was  5,965,  and  a  portion  of  the  same  milk  pasteurized  in 
bottles  averaged  11,295  bacteria  per  cubic  centimeter.  In  several  of 
the  samples  the  count  in  the  milk  pasteurized  in  bottles  was  very 
much  higher  than  in  the  same  milk  pasteurized  in  bulk  and  bottled 
hot.  The  explanation  of  these  marked  differences  is  not  known. 
While  minor  differences  are  always  within  the  limits  of  the  errors 
of  bacteriological  methods,  the  great  differences  foimd  in  many  cases 
can  not  be  explained  in  this  manner. 

PREVENTION  OF  BOTTLE  INFECTION  BY  BOTTLING  HOT  MILK  AND 
BY  PASTEURIZATION  IN  BOTTLES. 

Since  the  process  of  pasteurizing  milk  in  bulk  and  bottling  while 
hot  enables  the  use  of  hot,  steamed  bottles  which  can  be  directly 
filled  with  hot  milk,  it  should  be  expected  that  there  would  be  no 
contamination  added  to  the  milk  during  bottling. 

To  determine  this  point  eight  samples  of  milk  were  pasteurized 
in  bulk  and  bottled  hot  in  hot,  steamed  bottles.  The  bacteriological 
results  are  shown  in  Table  4,  colunm  A.    Two  steamed  and  cooled 
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milk  bottles  for  each  sample  were  inoculated  with  equal  amounts  of 
sour  milk.  One  of  these  infected  bottles  was  then  steamed  for  two 
minutes  and  filled  with  hot  pasteurized  milk  and  the  other  contami- 
nated bottle  not  heated  was  filled  with  some  of  the  same  pasteurized 
milk,  which  had  been  previously  cooled  in  a  sterile  bottle.  An  exami- 
nation of  Table  4  shows,  when  the  figures  in  columns  A  and  C  are 
compared,  that  the  infectious  material  added  to  the  bottle  was  en- 
tirely destroyed  by  the  method  of  bottling,  at  least  so  far  as  bac- 
teriological methods  can  detect,  since  any  marked  increase  in  column 
C  would  show  infection.  Column  B  shows  the  bacterial  counts 
obtained  by  putting  cold  pasteurized  milk  into  infected  bottles.  From 
these  results  it  is  evident  that  the  process  of  bottling  hot  pasteurized 
milk  in  hot,  steamed  (two  minutes)  bottles  entirely  eliminates  the 
factor  of  bottle  infection,  which  may  often  be  serious  in  the  ordinary 
processes  of  pasteurization  on  a  commercial  scale. 

Table  4. — Destruction  of  hottle  infection  during  the  process  of  bottling  hot 

pasteurized  miJk. 


Sample  No. 

Raw  milk. 

Hot  pasteur- 
ised milk  in 
hot  steamed 
bottles. 

Cold  pasteur- 
ized milk  in 
cold  infected 
bottles.1 

Hot  pasteur- 
ized milk  In 
steamed  in- 
fected bot- 
tles.! 

A 

B 

C 

34 

Bacteria 
per  c.  c. 
24,900 
94,000 
235,000 
176,000 
97,000 
230,000 
124, COO 
190,000 

Bacteria 

perc.c. 

380 

860 

5,400 

2,200 

5,900 

6,300 

920 

7,600 

Bacteria 

per  c.  c. 

6,400,000 

5,600,000 

1,330,000 

1,510,000 

235,000 

355,000 

305,000 

Ba^^cria 
perc.c, 

460 

35 

600 

'27  « 

4,800 

28 

2,400 
4,100 
5,800 

29» 

30* 

31 » 

950 

861 

8,800 

»  Bottles  had  been  previously  Infected  with  several  cubic  centimeters  of  sour  milk. 
>  Bottle  infected  with  old,  sour,  pasteurized  milk. 

The  question  naturally  arose  as  to  whether  or  not  pasteurization 
in  bottles  would  destroy  infection  in  bottles  specially  infected  before 
being  filled  with  raw  milk.  To  determine  this  point  nine  samples 
of  milk  were  pasteurized  which  had  been  previously  steamed  and 
cooled.  The  results  are  shown  in  Table  5.  One  bottle  for  each 
sample  was  steamed,  cooled,  infected  with  several  cubic  centimeters 
of  sour  milk,  and  filled  with  some  of  the  original  raw  milk.  Samples 
were  then  plated  from  this  bottle  to  show  the  extent  of  the  infection, 
the  results  of  which  may  be  found  in  column  B  of  the  table.  The 
bottle  of  infected  raw  milk  was  capped  with  a  seal  cap  and  the  milk 
pasteurized  directly  in  the  bottle.  Plates  were  made  directly  after 
the  heating  and  the  bacteriological  results  are  shown  in  column  C. 
Any  increase  in  the  counts  in  column  C  over  those  in  colunm  A  shows 
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the  amount  of  infection  introduced  by  placing  milk  in  an  infected 
bottle.  It  is  evident  that  in  only  two  samples,  Nos.  28  and  35,  was 
the  infection  entirely  destroyed. 

Table  5. — Destruction  of  bottle  infection  during  the  process  of  pasteurisation  in 

bottles. 


Sample  No. 

Raw  milk. 

MUk  pasteur- 
ized in  clean 
previously 
steamed 
bottles. 

Bottles  In- 
fected with 
^ur  milk  and 
flUedwIth 
raw  milk. 

Mflkpasttsur- 
i£edin 
infected 
bottles. 

A 

B 

C 

24 : 

Bacteria 
percc. 

24,900 

94,000 
235,000 
176,000 

97,000 
230,000 
124,000 
190,000 

38,000 

Bacteria 

percc. 

570 

2,200 

7,600 

11,400 

8,350 

5,500 

1,500 

9,300 

5,600 

Bacteria 

percc 

3,700,000 

3,300,000 

760,000 

650,000 

530,000 

645,000 

400,000 

230.000 

92,000 

Bacteria 
percc 

2.00 

25 

6^200 

27» 

9^SD0 

28 

11,OOQ 

29» 

20,000 

30 » 

2^900 

31 » 

Son 

351 

9^000 

36 » 

1^700 

* 

» Bottle  infected  with  old,  sour,  pasteurized  milk. 

It  is  quite  possible  that  infection  from  unclean  bottles  might  be- 
come a  serious  factor  in  bottle  pasteurization.  When  one  considers 
that  in  pasteurization  in  the  bottle  the  bacteria  which  are  left  are 
either  heat-resistant  vegetative  cells  or  spores,  it  is  easy  to  see  that 
if  a  large  niunber  are  left  in  a  bottle  and  it  is  again  filled  with  milk 
and  pasteurization  again  performed  in  the  bottle  these  same  bacteria 
will  again  survive  and  increase  the  number  left.  It  is  advisable  to 
steam  the  bottles  at  least  two  minutes  before  filling  with  milk  for 
pasteurization  in  the  bottles. 

COOLING  MILK  WHICH  HAS  BEEN  BOTTLED  HOT. 

When  a  water-tight  cap  is  used  it  is,  of  course,  possible  to  bottle 
the  milk  while  hot  and  cool  by  submerging  in  cold  water,  but  experi- 
ments have  been  made  with  a  process  by  which  the  milk  may  be 
cooled  in  bottles  capped  with  ordinary  cardboard  caps.  Briefly 
stated,  the  process  consists  in  exposing  the  hot  bottled  milk  to  an  air 
blast.  The  air-blast  system  is  used  at  present  in  the  hardening  rooms 
in  ice-cream  plants,  but,  so  far  as  known,  this  system  has  never  been 
applied  to  the  cooling  of  milk. 

Several  experiments  were  tried  on  a  laboratory  sfiale  which  gave 
promising  results.  When  a  bottle  of  hot  milk  is  allowed  to  cool  in 
still  air  a  film  of  warm  air  forms  about  it  which  can  move  away  only 
by  convection,  and,  naturally,  the  cooling  process  is  slow.  If  some 
means  were  provided  for  moving  the  film  of  warm  air  and  forcing 
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cool  air  against  the  bottle,  heat  would  constantly  be  given  up  with 
more  rapidity  by  the  milk  and  the  cooling  process  hastened.  In  figure 
8  are  shown  the  temperatures  in  three  bottles  of  milk  cooled  for  30 
minutes  in  air.  One  bottle  was  cooled  in  still  air  at  77°  F.,  one  was 
cooled  in  an  air  blast  from  an  electric  fan  at  a  temperature  of  77°  F., 
and  one  was  cooled  in  still  air  at  35°  F.  At  the  beginning  of  the 
cooling  the  temperature  of  the  milk  was  about  145°  F.  As  will  be 
seen  from  the  curves,  after  30  minutes'  cooling  the  temperature  of  the 
milk  in  the  bottle  cooled  in  still  air  at  77°  F.  was  about  127.5°  F., 
while  that  of  the  milk  cooled  in  an  air  blast  at  77°  F.  was  about 
102°  F.    It  is  noted  that  by  cooling  in  an  air  blast  for  30  minutes 


iSo^F. 


U 


30 


o         2         4         6         8        lo       12        14        i6       i8       ao 
Cooling  period  In  minutes. 
Pio.  8. — Effect  of  cooling  a  quart  bottle  of  milk  in  still  air  and  in  an  air  blast. 

there  was  a  reduction  in  temperature  of  about  25.5°  F.  in  excess  of 
that  obtained  under  the  same  conditions  in  still  air.  The  temperature 
curve  of  the  milk  in  the  bottle  cooled  in  still  air  at  35°  F.  follows 
closely  that  of  the  milk  cooled  in  still  air  at  77°  F.  It  is  also  inter- 
esting to  note  that  after  cooling  for  30  minutes  in  still  air  at  35°  F. 
the  temperature  was  122°  F.,  while  that  of  the  milk  cooled  in  an  air 
blast  at  77°  F.  was  about  102°  F.,  a  difference  of  20°  F. 

Since  these  experiments  indicated  that  hot  bottled  milk  might  be 
cooled  more  rapidly  by  using  a  blast  of  cold  air,  another  experiment 
was  conducted  in  which  one  quart  and  one  pint  bottle  were  cooled  in 
still  air  which  averaged  39.4°  F.  and  another  set  in  an  air  blast  the 
temperature  of  which  averaged  44.3°  F.  The  blast  of  cold  air  was 
obtained  by  placing  an  electric  fan  in  a  refrigerator.    The  fan  de- 
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livered  air  at  a  velocity  of  about  1^50  feet  per  minute.  The  t^n- 
perature  curves  in  figure  9  show  the  results  of  this  experiment.  The 
temperatures  of  the  hot  milk  at  the  beginning  of  the  cooling  ranged 
from  140°  to  about  143.5°  F.  in  the  different  bottles.  It  will  be  seen 
from  the  curves  that  five  and  one-half  hours  were  required  for  the 
temperature  of  the  quart  bottle  of  milk  in  still  air  to  reach  50"^  F., 
while  the  milk  in  a  quart  bottle  in  an  air  blast  was  cooled  to  50°  F.  in 
a  little  over  two  hours.  The  milk  in  the  pint  bottle  cooled  in  still  air 
reached  a  temperature  of  50°  F.  after  about  three  and  one-half  hours, 
while  only  one  and  one-half  hours  were  required  to  cool  the  milk 
in  the  pint  bottle  which  was  in  a  blast  of  cold  air. 

From  these  results  there  can  be  no  doubt  as  to  the  value  of  an  air 
blast  for  cooling  bottles  of  hot  milk,  at  least  as  compared  with  still 
air  as  a  cooling  medium.    As  these  experiments  were  made  on  single 
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Fig.  9. — The  cooling  of  pint  and  quart  bottles  of  hot  milk  in  still  air  and  In  an  air  blast  at 

refrigerator  temperature. 

bottles  it  was  thought  advisable  to  try  cooling  several  crates  of 
bottled  hot  milk  by  an  air  blast.  Specially  constructed  skeleton- 
frame  steel  crates  were  used,  so  as  to  allow  a  free  circulation  of  air.* 
Milk  was  pasteurized  at  145°  F.  for  30  minutes  and  bottled  hot  in 
ordinary  milk  bottles  by  the  aid  of  a  hand  bottle  filler.  The  bottles 
were  then  capped  with  the  ordinary  cardboard  caps  and  placed  in 
crates.  Four  crates  were  used  in  these  experiments,  two  filled  with 
quart  and  two  with  pint  bottles.  The  two  crates  which  contained 
quart  bottles  were  placed  in  a  refrigerator  room  one  above  the  other, 
and  directly  back  of  them  were  placed  the  two  crates  of  pint  bottles 
one  above  the  other.    The  air  blast  was  generated  by  a  16-inch  desk 

}  Mr.  John  T.  Bowen,  of  this  division,  assisted  in  this  work. 
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fan,  which  gave  an  air  velocity  of  about  1^50  feet  per  minute.  The 
fan  was  placed  about  2^  feet  in  front  of  the  pile  of  four  crates 
directly  facing  the  crates  with  quart  bottles.  Temperatures  were 
taken  in  two  quart  bottles,  one  in  the  front  and  the  other  in  the  back 
row.  In  this  experiment  the  crates  were  cooled  in  a  refrigerator 
room,  the  temperature  of  which  varied  from  40°  to  44°  F.  The 
results  of  this  experiment  are  shown  in  figure  10,  together  with  the 
results  of  a  similar  experiment  in  which  the  crates  were  cooled  in  an 
air  blast  at  a  temperature  of  about  76°  F.  for  a  period  of  2^  hours. 
The  crates  were  then  placed  in  a  refrigerator  and  the  cooling  con- 
tinued, a  blast  of  air  with  a  temperature  of  about  41°  F.  being  used. 
The  curves  in  figure  10  show  the  averaged  temperatures  of  two  quart 

tyf¥. 
lad^F. 
ii</F. 
100^  F. 

90*F. 

8d»F. 

7<^F. 

6oT. 

So*F. 

4«^F. 

30*F. 

o       IS      30      45    I  hr.    IS      30      4S    2  hrs.    is      30      45     3  bra-    IS      30      45    4  hn.    15 

Cooling  period. 

Fig.  10. — Effect  of  cooling  crates  of  bottled  hot  milk  In  an  air  blast  at  different 

temperatures. 

bottles.  It  will  be  seen  from  curve  A  that  about  3  hours  and  7  ijiin- 
utes  were  required  to  cool  the  milk  in  quart  bottles  from  140°  to 
50°  F.  when  cooled  in  a  blast  of  cold  air  during  the  entire  period. 
A  comparison  of  curves  A  and  B  shows  that  it  took  only  about  45 
minutes  longer  to  cool  to  50°  F.  the  milk  in  bottles  exposed  to  an  air 
blast  at  room  temperature  for  the  first  2^  hours.  It  is  interesting  to 
note  that  curves  A  and  B  follow  each  other  fairly  closely  during  the 
first  30  minutes  of  cooling.  These  results  suggest  that  the  cooling  of 
hot  pasteurized  bottled  milk  may  be  accomplished  by  cooling  with  an 
air  blast  at  ordinary  room  temperature  and  completed  by  cooling  in 
a  blast  of  cold  air  in  a  refrigerator  room.    The  greater  the  number  of 
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heat  units  which  can  be  removed  from  the  milk  by  an  air  blast  at 
room  temperature  the  cheaper  the  cost  of  cooling,  since  refrigeration 
would  be  saved  and  about  the  only  cost  would  be  the  operation  of  a 
blower. 

These  experiments,  although  by  no  means  conclusive  as  to  the  value 
of  this  method  of  cooling  by  an  air  blast  on  a  practical  scale,  since 
many  complications  may  arise  in  the  practical  application,  indicate 
great  possibilities  for  such  a  system. 

THE  EFFECT  OF  QUICK  AND  SLOW  COOLING  ON  THE  BACTEBIAL  FLORA  OF  THE 

MILK. 

It  is  believed  that  any  system  of  pasteurization  in  which  the  milk 
is  not  cooled  immediately  after  heating  will  be  looked  upon  witli 
suspicion  and  will  excite  comment.  It  has  always  been  supposed 
that  immediate  cooling  was  an  indispensable  part  of  the  process  of 
pasteurization,  first,  because  sudden  changes  in  temperature  were 
believed  to  have  a  destructive  effect  on  the  bacterial  cells,  and  second, 
because  it  has  been  supposed  that  bacteria  left  after  pasteurization 
would  immediately  begin  to  grow  unless  the  milk  was  cooled  at  once. 

As  stated  earlier  in  this  bulletin,  it  was  shown  in  Bulletin  161  (3) 
that  sudden  cooling  played  no  part  in  the  destruction  of  bacteria. 
There  remains,  therefore,  one  question  to  be  answered,  How  quickly 
must  pasteurized  milk  be  cooled  in  order  to  check  bacterial  growth  ? 

From  the  writers'  former  studies  of  pasteurization  it  seemed 
apparent  that  the  bacteria  which  survived  heating  were  somewhat 
weakened  or  at  least  did  not  begin  to  grow  as  might  theoretically 
be  expected.  These  observations  naturally  gave  rise  to  the  idea  that 
pasteurized  milk  might  be  cooled  directly  in  bottles  by  a  cold  air 
blast,  provided  the  cooling  period  did  not  extend  over  a  few  hours. 

In  order  to  obtain  data  on  this  question  10  samples  of  milk  were 
pasteurized  and  bottled  hot  in  steamed  bottles.  Two  bottles  for  each 
sample  were  cooled  as  follows :  One  bottle  was  cooled  within  half  an 
hour  in  ice  water  and  placed  in  a  refrigerator  at  45°  F,  for  17^ 
hours;  the  other  bottle  was  cooled  slowly  at  room  temperature  for 
4  hours  and  placed  in  a  refrigerator  at  45°  F.  for  14  hours.  At 
the  end  of  that  time  each  bottle  of  milk  was  18  hours  old ;  one  was 
cooled  quickly  and  hud  been  at  45°  for  17^  hours;  the  other  had 
been  cooled  slowly  and  had  been  at  45°  for  probably  a  very  short 
time,  because,  although  it  had  been  in  the  refrigerator  for  14  hours, 
the  milk  was  warm  when  placed  there,  and  cooling  in  still  air  is  a 
slow  process.  Both  bottles  after  the  18-hour  cooling  period  were 
allowed  to  stand  at  temperatures  of  from  75°  to  86°  F.  for  a  period 
of  6  hours.    The  bacterial  results  are  shown  in  Table  6. 
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Tabi^  6. — Number  of  bacteria  per  cubic  centimeter  in  pasteurized  mUk  bottled 
hot,  cooled  quickly  and  slowly,  and  subsequently  held  at  room  temperature. 


Sample  No. 


Method  of  cooling. 


1 


2 


10 


Aver- 
age of 

10 
sam- 
ples. 


Bacteria  in  the  raw  milk. . . . 
Bottle  No.  1,  cooled  quickly: 

Directly  after  pasteur- 
ization  

After  one-half  hour  in 
ice  water  and  17^ 
hours  at  45'F 

After6hoursat86*F.... 
Bottle  No.  2,  cooled  slowly: 

Directly  after  pasteur- 
ization.  ,. 

After  4  hours  at  room 
temperature  and  14 
hours  at  45'F 

After  6  hours  at  86*  F. .. . 


95,000 

600 

1,000 


860 
500 


176,000 
1,870 


12,050 
5,760 


1,320 


1,180 

5,800 


176,00097,500 
1,570  5,900 


97,500 
5,900 


12,370 
8,400 


1,220 


5,520 
6,100 


6,600 
5,900 


5,900 
5,900 


22,900 
16^600 


450,000 

890 

1,700 


4,800 
2,500 


985,000 
8,300 


3,700 


3,700 


21,800 
12,300 


890 
2,200 


5,400 
715 


8,900 
«9,600 


7,500 


9,800 
«8,900 


38,000 
5,500 


5,200 
S5,200 


6,500 


5,200 
«6,300 


264,375 
5,823 


5,040 
6,908 


5,729 

4,678 
5,583 


» Held  at  45°  F.  for  21  hours  in  place  of  18  hours. 


»Held  at  75°  F.  instead  of  86»  F. 


As  may  be  seen  from  Table  6,  bacterial  counts  were  made  of  the 
raw  milk  on  each  bottle  directly  after  pasteurization,  at  the  end  of 
the  18-hour  cooling  period,  and  again  after  the  milk  had  been  at 
room  temperature  for  six  hours.  The  bacterial  results  obtained 
showed  that  there  was  no  more  increase  in  the  pasteurized  milk  cooled 
slowly  than  in  similar  milk  cooled  within  half  an  hour  and  held  at 
low  temperatures  for  18  hours.  Neither  was  there  any  difference  in 
the  bacterial  numbers  even  after  milk  cooled  by  both  processes  had 
been  removed,  after  18  hours'  cooling,  and  allowed  to  stand  for  six 
hours.  The  various  counts  from  10  samples  have  been  averaged  and 
are  given  in  the  last  column  in  order  to  show  more  plainly  the  effect 
of  the  two  systems  of  cooling  on  the  bacterial  numbers  in  milk.  It 
will  be  seen  that  the  average  bacterial  counts  of  the  milk  cooled 
slowly  are  even  lower  than  those  of  milk  cooled  quickly.  While  this 
difference  is  probably  an  experimental  error,  it  is  evident  that  bac- 
terial growth  in  the  pasteurized  milk  was  not  increased  by  the  slow- 
cooling  process. 

The  writers  do  not  wish  to  convey  the  idea  that  pasteurized  milk 
need  not  be  cooled  at  alL  The  cooling  of  any  milk  is  absolutely  essen- 
tial in  order  to  restrain  bacterial  growth,  and  the  fact  should  be 
emphasized  that  the  process  of  cooling  pasteurized  milk  slowly  does 
not  dismiss  the  cooling  process  but  simply  makes  use  of  a  slower 
cooling  process  than  is  in  use  at  present. 

In  order  to  show,  respectively,  the  effect  on  the  bacterial  content 
of  cooling  quickly,  cooling  slowly,  and  not  cooling  to  low  tempera- 
tures at  all,  three  experiments  were  made.  Milk  was  pasteurized  in 
bulk  and  three  steamed  and  hot  quart  bottles  were  filled  with  the  hot 
milk.  One  bottle  was  cooled  in  iced  water  in  half  an  hour  to  50**  F. 
and  refrigerated  at  45°  F.  Another  bottle  was  cooled  in  a  blast  of 
air  at  room  temperature  for  half  an  hour  during  which  time  the 
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temperature  dropped  from  145**  to  about  100®  F.  The  milk  wastheD 
allowed  to  stand  at  a  temperature  of  from  100**  to  80®  F.  for  five 
hours,  after  which  it  was  placed  in  a  refrigerator  at  45®  F.,  where  it 
cooled  slowly  in  still  air.  The  remaining  bottle  was  cooled  for  half 
an  hour  in  an  air  blast  at  room  temperature  and  allowed  to  remain 
at  a  temperature  of  about  75®  F.  through  the  entire  experiment.  The 
results  of  these  experiments  are  given  in  Table  7. 

Table  7. — Effect  of  different  methods  of  cooling  on  the  "bacterial  content  of 

pasteurized  milk. 


ICethod  of  cooling. 


Sample  Xo. 


3«ature: 


BaOeriapercx, 
9,050,000 

6,450 

5,050 

4,800 

1,370,000 

7,150 
6,100 
6,200 
9,600 
2,760,000 

4,950 

6,850 

700,000 

2,750,000 

460,800,000 


Bacteria  per  e.e. 


Baeteriap 
11,9 


2,110 

1,720 

2,340 

885,000 

2,580 
1,600 
2,400 
2,740 
850,000 

2,180 

2,890 

2,420,000 

13,400,000 


rcc. 
0,000 

8,500 
28,400 
76,500 


11,900 

29,000 

192,000 

348,000 


8,500 

25,000 

83,400,(»0 

269,000.000 


A  study  of  the  table  shows  that  there  was  no  increased  bacterial 
growth  with  samples  1  and  2  caused  by  holding  the  pasteurized  milk 
for  five  hours  after  bottling  hot,  even  though  the  temperature  dur- 
ing that  i^eriod  ranged  from  100®  to  80®  F.,  which  is  the  most  favor- 
able temperature  for  bacterial  development.  With  sample  3  there 
was  an  increased  growth  over  that  in  the  milk  cooled  quickly.  It 
must  be  remembered  that  these  experiments  represent  extreme  con- 
ditions in  slow  cooling,  but  the  fact  is  apparent  that  the  cooling 
process  should  not  extend  over  five  hours.  The  effect  of  not  cooling 
milk  to  low  temperatures  is  plainly  shown  in  the  table  by  a  compari- 
son of  the  bacterial  counts  with  those  of  milk  cooled  both  quickly 
and  slowly.  It  is  believed  from  these  experiments  that  it  is  possible 
to  cool  hot  bottled  pasteurized  milk  by  a  blast  at  room  temperature 
followed  by  a  blast  of  cold  air  without  any  Tuore  bacterial  develop- 
ment than  would  take  place  if  the  milk  were  immediately  cooled, 
provided  the  milk  is  cooled  to  50®  F.  gradually  within  five  hours. 
This  is  not  made  as  a  definite  statement,  because  different  results 
may,  of  course,  be  obtained  when  milk  is  thus  cooled  on  a  commercial 
scale. 

Again  l,et  the  fact  be  emphasized  that  pasteurized  milk  or  raw  milk 
must  be  kept  at  low  temperatures  after  cooling  in  order  to  check  bac- 
terial development. 
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THE  CREAM  LINE  AND  FLAVOR  OF  PASTEURIZED  MILK  COOLED 
BY  VARIOUS  METHODS. 

In  the  consideration  of  the  process  of  bottling  hot  pasteurized 
milk  followed  by  slow  cooling  it  is  of  practical  importance  to  know 
what  effect  such  a  process  will  have  on  the  cream  line  and  flavor  of 
the  milk.  Several  experiments  were  made  to  determine  the  effect  on 
these  points.  Milk  was  pasteurized,  and  hot  500-cubic-centimeter 
graduated  cylinders  were  filled  with  hot  milk  up  to  the  500-cubic- 
centimeter  mark.  Together  with  the  cylinder  of  hot  pasteurized 
milk  one  cylinder  was  filled  with  raw  milk  and  one  with  pasteurized 
milk  which  had  been  cooled  to  50°  F.  in  15  seconds'  time  by  running 
through  a  coil  immersed  in  brine.  The  method  of  cooling  the  hot 
cylinders  of  pasteurized  milk  was  varied  considerably, as  maybe  seen 
from  Table  8.  After  holding  the  milk  for  24  hours  at  45"^  F.  the 
numbers  of  cubic  centimeters  of  cream  were  read  off  directly  from 
the  graduations  on  the  cylinder.  This  method,  of  course,  gave  a  very 
accurate  means  of  determining  the  effect  of  heating  and  cooling  on 
the  cream  line;  in  fact  it  was  too  accurate,  since  considerable  dif- 
ferences in  the  cream  line  by  this  method  of  measurement  were  not 
apparent  in  bottled  milk. 

Table  8. — Cream-Une  experiments  with  raw  milk  and  milk  pasteurized  at  lJi5°  F. 

for  30  minutes. 


Eacperi- 
ment 
No. 

Process. 

Cubic  centimeters  of 
cream  in  500  c.c. 
cylinder  after  24 

hours'  refrigeration 
at  45*  F. 

Raw  milk .                                   

64  5 

1 

Pasteurized  milk: 

Cooled  qiiickly  In  15  seconds  to  50'  F.  and  held  In  refrigerator  at  45*  F. . 
Cooled  slowly  In  air  blast  for  45  minutes  and  placed  in  refrigerator  at 

64.5 
65.0 

Held  above  105»  F.  for  3  hours,  cooled  in  ice  water,  and  placed  in  re- 
frigerator at  45  •  F 

64.5 

Raw  miOc 

65.0 

2 

Pasteurized  milk: 

Cooled  in  15  seconds  to  60*  F.  and  placed  In  refrigerator  at  45'  F 

Cooled  slowly  in  air  blast  for  IJ  hours  and  placed  in  refrigerator  at  45*  F. 

Held  above  100*  F.  for  IJ  hours  and  placed  in  refrigerator  at  45'  F 

Raw  milk  lost , 

62.5 
62.5 
52.5 

3 

Pasteurized  milk: 

Cooled  in  15  seconds  to  50"  F.  and  placed  in  refrigerator  at  45*  F 

Cooled  slowly  for  30  minutes  In  air  blast,  cooled  quickly  in  brine,  and 
placed  in  refrigerator  at  45*  F        

83 
85 

Held  above  100*  F.  for  3  hours,  cooled  quickly  in  brine,  and  placed  in 
refrigerator  at  45*  F 

90 

Raw  milklost 

4 

Pasteurized  milk: 

Cooled  in  15  seconds  to  50*  F.  and  placed  in  refrigerator  at  45*  F 

Cooled  slowly  In  air  blast  for  2i  hours,  cooled  in  ice  water,  and  placed  in 
refrigerator  at  45*  F 

75 
69 

Held  above  100*  F.  for  2i  hours,  cooled  In  ice  water,  and  placed  in  refrig- 
erator at  45*  F 

75 

fRaWmHk 

80 

5 

Pasteurized  milk: 

Cooled  in  15  seconds  to  50*  F.  and  placed  in  refrigerator  at  45*  F 

Cooled  slowly  in  air  blast  for  2  hours  and  placed  in  refrigerator  at  45*  F . . 

After  cooling  in  air  blast  for  2  hours  the  milk  was  cooled  quickly  in 

brine  to  50*  F  and  placed  In  refrifjerator  at  45*  F 

68 
65 

62 

Hold  above  100*  F.  for  5  hours  and  placed  in  refrigerator  at  45*  F 

After  holding  above  100*  F.  for  5  hours  the  milk  was  cooled  quickly 
in  brine  to  50*  F.  and  placed  in  refrigerator  at  45*  F 

65 
62 
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A  study  of  the  results  in  Table  8  shows  that  the  cream-line  fonnn- 
tion  is  a  variable  factor.  Sometimes  it  was  reduced  by  pasteuriza- 
tion even  when  the  milk  was  cooled  to  low  temperatures  within  15 
seconds,  and  at  other  times  there  was  no  difference.  In  some  ex- 
periments the  cream  line  was  slightly  less  on  milk  cooled  slowly  and 
again  it  was  slightly  higher.  Throughout  the  experiments  on  pas- 
teurized milk  bottled  hot  in  ordinary  milk  bottles  a  good  clear  cream 
line  was  obtained.  When  milk  stood  at  temperatures  above  80°  F. 
for  several  hours  without  agitation  some  of  the  melted  butter  fat  rose 
to  the  top  of  the  bottle  and  on  cooling  formed  a  small  lump  of 
butter.  This  was  not  observed,  however,  when  the  cooling  process 
was  begun  immediately  after  bottling,  even  though  the  cooling  was 
gradual. 

As  to  the  effect  on  the  flavor  of  the  milk,  it  may  be  said  that  there 
was  no  more  effect  than  that  produced  by  milk  pasteurized  and 
cooled  rapidly,  except  in  instances  where  the  milk  was  held  above 
100°  F.  for  several  hours,  as  was  the  case  in  some  of  the  experiments, 
in  which  a  slightly  more  pronounced  cooked  taste  was  noticeable  in 
the  milk. 

In  this  connection  attention  is  called  to  the  fact  that  these  results 
hold  only  for  milk  pasteurized  at  145°  F.  and  can  not  be  applied 
where  higher  temperatures  might  be  used,  as  it  is  possible  that  with 
higher  temperatures  different  results  might  be  obtained. 

BOTTLES  TO  BE  USED  IN  THE  PROCESS  OF  BOTTUNG  HOT 
PASTEURIZED  MILE.. 

It  is  obvious  that  a  quart  bottle  filled  with  milk  at  145^  F,  will  not 
contain  a  full  quart  when  the  milk  has  cooled  to  50°  F.,  owing  to  the 
contraction  during  cooling.  Several  experiments  which  were  made 
to  determine  the  loss  in  volume  during  cooling  showed  a  shrinkage 
in  a  quart  bottle  which  averaged  about  18.40  cubic  centimeters.  As- 
suming a  quart  of  milk  to  be  946.35  cubic  centimeters,  that  volume  at 
145°  F.  would  therefore  contract  to  about  927.95  cubic  centimeters 
when  cooled  to  50°  F.  If  a  quart  bottle  is  filled  with  milk  at  145°  F., 
it  will  be  18.40  cubic  centimeters,  or  0.62  of  an  ounce,  short  of  1  quart 
when  cooled  to  50°  F.  To  overcome  this  shortage  bottles  of  a  slightly 
larger  capacity  should  be  used  when  filled  with  milk  at  145°  F.  A 
bottle  should  be  of  suflScient  size  to  hold  1  quart  of  milk  measured 
at  50^  F.  which  has  been  heated  to  145°  F. 

PROCESS  OF  BOTTLING  HOT  PASTEURIZED  MILK  UNDER  €X)MMEK- 

CIAL  CONDITIONS. 

Having  discussed  the  various  steps  in  the  process  of  bottling  hot 
pasteurized  milk,  the  possible  application  of  this  process  of  conuoer' 
cial  conditions  may  be  outlined. 
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Milk  can  be  pasteurized  by  the  ordinary  holder  system  at  145°  F. 
for  30  minutes.  It  can  then  be  bottled  hot  in  special  oversized  milk 
bottles  of  the  ordinary  type  and  capped  with  ordinary  sterile  caps. 
Before  being  filled  the  bottles  can  be  steamed  for  two  minutes  by 
running  the  crates  inverted  on  a  conveyer  over  steam  jets.  The 
bottles  would  then  go  through  the  bottling  machine  in  a  hot  condi- 
tion and  would  be  practically  sterile.  The  crates  of  hot  bottled 
pasteurized  milk  can  then  be  cooled  by  stacking  in  a  refrigerator 
room  and  blowing  cold  air  through  the  crates.  In  the  cold  season 
outside  air  can  be  used  for  cooling,  and  in  the  warm  season  re- 
frigerated air  can  be  circulated  through  the  crates. 

This  process  can  be  modified.  The  hot  milk  can  be  held  in  the 
bottles  at  145*^  F,  instead  of  in  a  tank,  and  the  crates  of  hot  pasteur- 
ized milk  can  be  cooled  by  spraying  with  cold  water  instead  of  air. 

From  the  results  of  experiments  with  air  cooling  on  a  small  prac- 
tical scale  started  in  1913,  it  is  believed  to  be  entirely  practical  to 
cool  hot  bottled  milk  by  means  of  forced-air  draft.  The  results  of 
this  work  are  being  prepared  for  publication  in  the  near  future. 

Since  the  process  of  bottling  hot  pasteurized  milk  has  not  as  yet 
been  worked  out  for  practical  use,  it  is  impossible  to  state  definitely 
all  its  advantages  and  disadvantages.  However,  from  laboratory 
experiments  alone  certain  advantages  are  plainly  shown.  From  a 
sanitary  standpoint  one  great  advantage  of  the  process  of  bottling 
hot  pasteurized  milk  in  hot  bottles  lies  in  the  fact  that  bottle  infec- 
tion is  eliminated.  From  a  commercial  standpoint  there  is  also  an 
advantage,  because  of  the  reduction  of  milk  losses  on  the  cooler 
caused  by  adherence  of  milk  and  by  evaporation.  Ordinary  card- 
board caps  may  be  used  in  this  system,  since  they  do  not  have  to  be 
water-tight,  which  is  obviously  a  point  of  great  advantage  so  far 
as  cost  is  concerned. 

At  the  present  stage  of  this  work  it  is  impossible  to  state  how  the 
cost  of  air  cooling  will  compare  with  the  ordinary  methods  in  prac- 
tice, but  it  is  believed  that  there  will  be  no  more  expense  involved. 

The  length  of  time  required  for  cooling  is  perhaps  the  greatest 
disadvantage  of  this  process,  and  yet  this  would  be  of  no  consequence 
except  in  plants  where  the  milk  is  delivered  immediately  after 
pasteurization.  In  the  majority  of  milk  plants  the  milk  is  pasteur- 
ized in  the  morning  or  afternoon,  placed  in  refrigerators,  and  deliv- 
ered early  the  next  morning.  Consequently  in  most  plants  it  would 
make  little  difference  whether  the  cooling  process  was  performed 
quickly  or  slowly. 

SUMMARY. 

1.  The  process  of  pasteurization  in  the  bottle,  using  a  temperature 
of  145"*  F.  for  30  minutes,  causes  satisfactory  bacterial  reductions. 
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2.  Bottles  should  be  steamed  at  least  two  minutes  before  being 
filled  with  milk  in  order  to  destroy  heat-resistant  types  of  organisms 
which  might  survive  the  pasteurizing  temperature  and  thereby  in- 
crease the  bacterial  count. 

3.  Care  must  be  taken  to  record  the  temperature  in  the  bottom  of 
the  bottle  during  the  heating  process.  When  milk  at  an  initial 
temperature  of  50°  F.  is  heated  in  bottles  without  agitation  in  water 
at  about  l^G"*  F.  the  temperature  of  the  milk  in  the  top  of  the 
bottle  will  reach  140°  F.  about  nine  minutes  before  that  in  the  bot- 
tom. The  temperature  of  the  milk  during  the  process  of  pasteuriz- 
ing in  the  bottle  should  be  recorded  by  placing  a  thermometer  in  a 
control  bottle  with  the  bulb  of  the  thermometer  about  one-half  inch 
from  the  bottom.  The  milk  should  be  heated  for  30  minutes  at 
145°  F. 

4.  WTien  bottles  are  heated  and  cooled  under  water  care  should 
be  taken  not  to  use  bottles  with  chipped  or  otherwise  imperfect  tops, 
since  the  seal  caps  may  allow  leaks  during  the  process  of  pasteuriz- 
ing. It  is  advisable  for  the  users  of  patented  seal  caps  to  assui-e 
themselves  that  the  caps  are  water-tight,  since  leaking  caps  may 
cause  dangerous  infections,  particularly  if  the  cooling  water  is  pol- 
luted. 

5.  The  process  of  bottling  pasteurized  milk  while  hot  in  hot 
steamed  bottles  causes  equally  good  bacterial  reductions  as  does 
pasteurization  in  bottles.  Even  with  the  same  length  of  exposure 
of  30  minutes  and  the  same  temperature  of  145°  F.  the  bacterial 
reductions  are  often  much  greater  than  those  produced  by  pas- 
teurization in  bottles. 

6.  In  the  process  of  bottling  hot,  bottle  infection  is  eliminated, 
even  when  several  cubic  centimeters  of  old,  sour  milk  are  added  to 
bottles  before  filling.  The  two-minute  steaming  period  to  which 
the  bottles  are  subjected  before  filling  with  hot  milk  is  sufficient  to 
destroy  the  contamination,  at  least  so  far  as  bacteriological  methods 
can  detect. 

7.  Laboratory  experiments  indicate  that  milk  may  be  pasteurized, 
bottled  hot,  capped  with  ordinary  cardboard  caps,  and  cooled  by  a 
blast  of  cold  air. 

8.  It  is  probable  that  if  milk  is  cooled  from  145°  to  50°  F.  within 
five  hours  no  more  bacterial  increase  will  take  place  during  the  slow 
cooling  than  would  take  place  if  the  milk  were  cooled  immediately 
to  50°  F.  \\Tiether  or  not  this  -will  be  true  imder  commercial  con- 
ditions can  be  determined  only  by  future  experiments. 

9.  So  far  as  the  laboratory  experiments  indicate,  when  milk  is 
heated  to  145°  F.  for  30  minutes,  the  bottling  of  the  hot  pasteurized 
milk  followed  by  slow,  gradual  cooling  has  no  more  appreciable 
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effect  on  the  cream  line  or  flavor  of  milk  than  the  ordinary  process 
of  pasteurization.  This  is  true  of  .cooling  periods  of  less  than  five 
hours'  duration. 

10.  Since  milk  contracts  on  cooling,  a  quart  bottle  filled  with  milk 
at  145°  F.  does  not  hold  a  full  quart  when  the  milk  is  cooled  to  50° 
F.  It  is  about  0.62  of  an  oimce  short.  Therefore  slightly  oversized 
bottles  should  be  used. 

11.  The  advantage  of  the  process  from  the  commercial  stand- 
point are:  (1)  That  bottle  infection  can  be  eliminated ;  (2)  that  milk 
losses  are  saved,  owing  to  evaporation  over  the  cooler;  and  (3)  that 
ordinary  cardboard  caps  can  be  used.  The  principal  disadvantage  is 
that  the  air-cooling  process  requires  several  hours.  This,  however, 
would  be  a  disadvantage  only  in  the  few  plants  where  milk  is  de- 
livered directly  after  pasteurization. 
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STUDIES  ON  FRUIT  JUICES. 

By  H.  C.  GoBB, 
Ckemiit  in  CharffCy  FruU  and  Vegetable  UtHization  Laboratory, 

INTBODUCnON. 

The  studies  described  in  this  buUetin  were  made  with  a  view  of 
finding  methods  for  the  preparation  of  juices  from  such  fruits  as  the 
strawberry,  blackberry,  pineapple,  orange,  and  lemon,  which  are 
less  well  known  as  sources  of  juice  than  the  grape  and  apple.  The 
work  was  directed  toward  the  preparation  of  juices  of  well  known 
varieties  of  fruit  likely  to  be  produced  in  quantities  which  would 
leave  a  surplus  beyond  the  market  demand  for  them  as  fresh  fruit. 
The  actual  fruit  used  wherever  practicable  was  that  produced  imder 
typical  conditions  in  localities  where  it  is  grown  extensively.  While 
final  determination  of  the  value  of  all  the  methods  has  not  been  made, 
die  results  of  the  studies  are  published  in  the  belief  that  they  will 
be  useful  to  those  giving  attention  to  this  neglected  field  of  fruit 
conservation,  and  in  the  hope  that  they  may  stimulate  others  to 
develop  metliods  which  will  make  much  fruit  that  is  now  wasted 
of  commercial  value  to  growers  and  a  source  of  food  to  the  people. 
Hie  work  was  taken  up  at  the  suggestion  of  Mr.  W.  A.  Taylor,  of 
the  Bureau  of  Plant  Industry,  and  has  been  continued  during  the 
past  four  years  in  cooperation  with  him  and  with  Mr.  A.  V.  Stuben- 
rauchy  formerly  of  that  bureau.  The  variety  of  fruit  and  the  locality 
were  selected  by  Mr.  Taylor  or  Mr.  Stubenrauch. 

The  experiments  developed  the  fact  that  ordinary  methods  of 
sterilizing  fruit  juices  by  heat  could  be  successfully  applied  to  but 
a  limited  number  of  the  special  fruits  such  as  the  black  raspberry, 
blackberry,  black  currant,  sour  cherry,  and  peach.  In  the  case  of 
the  juices  of  the  strawberry,  red  raspberry,  red  ciurant,  pineapple, 
and  the  citrus  fruits,  as  well  as  apple  cider,  sterilization  by  heat 
caused  loss  in  flavor,  and  where  kept  after  heat  sterilization  the  juices 
of  these  fruits  tended  to  lose  color  or  flavor,  or  both.  With  these 
juices,  then,  the  study  was  directed  toward  special  methods  of  con- 

This  iHiUitta  will  tM  of  intanst  only  to  ttaoM  ooootrned  with  tiM  oomm«rciia  maaiiflMtore  of  tnOi 
lirfew.   ThonttliodsstvtncaUlkir  ooldstoncBygfeflriUntloiiiBevb^ 
MBBMOl J  aTdbtUe  to  tho  boisewlft. 
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densing  and  keeping  them  by  refrigeration  or  by  the  use  of  steriliza- 
tion in  carbon  dioxid. 

In  this  bulletin  it  is  deemed  best,  tfaeiieforei  to  diecuas  first  tjiie 
general  methods  of  extracting  the  juice  and  the  ordinary  iornm  of 
sterilization  applicable  to  certain  of  these  fruits,  as  a  prelimimtry  to 
the  discussion  of  the  special  methods  and  their  application  to  the 
juices  of  individual  fruits. 

GENERAL  METHODS  OF  PREPARATION. 

EXTRACTION  OP  JUICES. 

Grinding. 

If  to  be  cold  pressed,  it  is  usually  necessary  to  crush  the  fruit  to 
faciUtate  the  outflow  of  juice.  Exceptions  are  the  citrus  fruits, 
which  should  be  pressed  after  cutting  in  two,  and  pineapples,  which 
may  be  pressed  whole.  Crushing  is  probably  best  effected  by  passing 
the  fruits  through  an  apple  grater.  The  moving  part  of  this  machine, 
which  is  operated  by  power,  consists  of  a  rapidly  rotating  iron  cylinder 
carrying  short  knives. 

HEATTNe. 

To  increase  the  juice  yield,  intensify  tlie  color,  or  impart  the  desired 
flavor  to  the  juice,  the  fruit  may  be  heated  before  pressing,  in 
which  case  crushing  may  be  omitted.  Juices  of  the  small  fruits  are 
successfully  prepared  with  or  without  previous  heatmg.  Pme- 
apples,  peaches,  and  the  citrus  fruits  should  be  cold  pressed. 

Heating  is  conveniently  conducted  in  a  steam^jacketed  kettle 
made  of  copper  with  tin  lining  or  in  one  of  aluminum  which  should  be 
fitted  with  a  gate  valve  at  the  bottom  for  disdiaiiging  the  juice.  To 
avoid  scorching  while  heating,  it  is  necessary  to  stir  the  fruit  con- 
tinuously. 

PfiBSaiNO. 

The  system  of  racks  and  cloths  extensively  employed  in  ibm 
country  in  the  manufacture  of  grape  jmce  and  cider  is  probably 
also  best  for  preparing  the  juices  of  oUier  fruits.  The  fruit  or  hiiit 
pulp  is  built  up  in  the  following  maimer,  in  the  form  of  square  masses 
called  "cheeses,"  in  heavy  press  cloths  separated  by  racks.  A  square 
rack  is  placed  on  the  press  floor.  On  thk  is  laid  a  square  f<MPm,  over 
which  is  spread  the  press  clotli  arranged  diagonally,  the  ooraers 
lying  on  the  sides  of  the  form.  The  cloth  is  lai^  enoi^h  :to  pemiit 
a  depression  to  be  made  in  the  center  and  still  inclose  the  pulp  com- 
pletely when  the  comers  are  folded  over.  In  the  depression  is  placed 
the  ground  fruit,  which  takes  the  shape  of  the  interior  of  the  form, 
thus  making  a  square  cako  or  *'cheese."  TTie  comers  of  the  doth 
are  folded  over  and,  if  necessary,  pinned  together.  The  form  is 
then  lifted  off  and  anoibw  rack  fdaoed  upon  t^  cloth  iodoaing  tiie 

cheese."  If  desired  another  press  cake  may  now  be  formed,  upon 
this  rack,  in  which  way  a  series  of  press  cakes  is  built  up  until  the 
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entire  space  between  the  presB  floor  «jhM[  the  head  of  the  press  is 
fined. 

Racks  of  hard  maple  are  best,  as  this  wood  is  very  strong  and 
quite  flavorless.  Extra  heavy  racks  are  required  in  pressing  citrus 
fruits  and  pineapples.  The  press  cloths  should  be  of  the  extra- 
heavy  quaUty,  sold  by  manufactiu^rs  of  cider  and  vinegar  makers' 
supphes. 

The  rack-and-cloth  method  has  the  merit  of  affording  an  excellent 
opportunity  for  the  drainage  of  the  mass  of  fruit  while  under  pres- 
sure. An  additional  advantage  is  the  ease  with  which  the  press, 
racks,  and  dotiis  may  be  kept  dean.  Alter  pressing  it  is  usually 
necessary  only  to  wash  off  the  press  bed  and  racks  with  a  hose. 
Wben  the  pomace  has  been  shaken  out,  the  cloths  are  cleaned  by 
hoeing  off  aad  by  an  occasional  washing.  Racks  and  cloths  must 
be  kept  dry  when  not  in  use.  When  operatii^  continuously,  racks 
ttDuL  do^  aie  apt  to  become  heavily  duirged  with  yeasts  which 
infect  tiie  juices  passing  through  and  cause  fermentation  to  occur 
very  rapidly,  in  extreme  cases  even  while  pressing.  This  may  be 
•voided  by  systomatic  daily  deansing  of  racks,  doths,  and  press. 

The  hycfaraidic  type  of  press,  operated  by  power,  is  very  satis- 
factory. A  steady  but  relatively  light  pressure  is  especially  desirable 
in  pressiBg  the  juice  freim  the  viscous  masses  formed  by  the  ground 
pn^  of  peadaas  and  of  some  of  the  small  frmts. 

BEMOYAL  OF  SEDIMENT  FROM  PBUTT  JUICES. 

Newly  expressed  fruit  juices  are  invariably  turbid  because  of  the 
suspended  substances  present.  A  convenient  way  for  removing  the 
greater  part  of  the  sediment  cotosi^te  in  passing  the  juice  throi^  a 
Bulk  separator,  whidi  causes  a  laijge  portion  of  the  sediment  to  adhere 
doeely  to  the  walls  of  the  bowl.  By  filtering  tiirough  papar  pulp  a 
perfectly  de«r  juice  may  usually  be  obtained.  Infusorial  earth  '  is 
lecommended  by  filter  press  manufacturers  as  an  aid  in  the  filtration 
of  liquids  whidi  contain  slime,  imd  the  i^perisa^ents  on  fruit  juices 
here  eonsideced  indieate  that  this  substance  may  be  g^ieraUy  used 
m  their  filfaration.  Th^  addition  of  2  per  cent  or  less  of  infusoridi 
earth  to  a^  fruit  juice  viU  in  many  oases  {»roduee  a  perieody  clear  fil- 
trate, as  the  infuscmal  eartii  )»eveBts  tiie  stopping  up  of  the  pores 
ot  tiM»  fiber  by  the  slimy  suspended  substances  of  the  juice. 

1 1nfusorial  earth,  abo  called  diatomaoeous  earth,  or  kieselguhr,  consists  of  nearly  pure  silica  buHt  up 
oOtoftslHleloMorialorcNDopioaeaaBinaisoaHadiiatoaiB.  When  crashed  and  bolted  it  therefore  exposes 
•ncaooiMiiissuilBoetoUqoidswithwhtehitlsiiiixed.  It  possesses  the  property  of  opening  up  the  slime 
wbSfllioollectB  on  the  filter  cloths,  which  otherwise  would  dhcke  and  render  filtration  impossible.   Infuso- 

ililnnrrh  r  fiii'irirrr  ^'i  i — r^r  *t  ^i  ^-^it  -r^  r^rTTr'l  ^j — r  ^'^*-^' *'^-' At  the  same 

UbmU  ii  so  inert  that  neutral  or  aold  substaixM  can  be  filtered  through  it  practlcaUy  without  oontam^ 
tioo.  It  is  extensively  nUned  in  the  United  States  and  may  be  had  finely  bolted,  ready  for  use  in  filter- 
inf.  In  carload  lots  at  less  than  2  cents  a  pound. 


Digiti 


zed  by  Google 


4  BULLETIN   241,  U.   S.   DEPARTMENT  OP  AGBICULTURB. 

8TEBILIZATION  OF  FRUIT  JUICES. 

Containers  of  glass,  porcelain,  or  tinned  iron  (tin  cans)  in  which 
fruit  juices  may  be  sealed  and  sterilized  are  available.  The.  juice  may 
also  be  poured  while  very  hot  into  sterilized  wooden  casks  which  are 
then  sealed.  Vessels  of  glass  possess  an  obvious  advantage  in  that  a 
view  of  the  contents  may  be  had  at  any  time  without  being  opened. 

Glass  Containers. 

CARBOYS. 

The  process  of  sterilizing  the  juice  in  glass  carboys  consists  in  fill- 
ing previously  warmed  5-gallon  carboys  with  hot  juice  and  sealing 
them  while  hot.  They  are  warmed,  either  by  placing  them  for  a 
time  in  a  closet  heated  by  steam  pipes,  or  by  partly  submerging  and 
rotating  them  in  a  bath  of  hot  water.  The  juice  is  conveniently 
heated  in  the  steam-jacketed  kettle  already  described  (page  2)  and 
then  poured  into  the  hot  vessel,  leaving  space  for  the  stopper,  which 
is  forced  tightly  into  position. 

Experience  shows  that  the  contents  of  partially  filled  carboys  spoil 
more  readily  than  those  of  full  carboys,  doubtless  due  to  the  fact  that  in 
the  former  the  surface  of  the  cork,  which  is  further  removed  from  the 
surface  of  the  hot  juice,  does  not  receive  the  necessary  heat  treatment. 
When  carboys  of  juice  become  infected,  it  is  usually  possible  to 
trace  the  infection  to  the  growth  of  organisms  on  the  surface  of  the 
cork.  It  is,  therefore,  clear  that  the  corks  should  be  sterilized  as 
completely  as  possible  before  use.  Successful  sterilization  of  the  cork 
is  somewhat  difficult  to  accompUsh.  A  satisfactory  method  consists 
in  dipping  the  corks  in  melted  paraffin,  removing  and  then  heating 
them  in  a  steam  closet  for  severiJ  days,  during  which  time  the  paraffin 
is  gradually  absorbed.  The  corks  should  be  steamed  for  a  few 
moments  or  dipped  in  scalding  water  immediately  before  use. 

After  cooling,  the  carboys  should  be  transferred  to  racks  in  a  cool 
place  where  they  can  be  inspected  at  frequent  intervals.  Such  ex- 
amination is  imperative,  as,  in  spite  of  the  precautions  described,  a 
small  portion  of  the  juice  usually  shows  evidence  of  infection,  in  the 
form  of  patches  of  mold  floating  on  the  surface.  The  flavor  is  ottea 
greatly  injured  and  the  juice  rendered  worthless  by  such  infection. 
Before  the  colony  of  mold  has  become  larger  than  a  small  dot  floating 
on  the  surface,  it  should  be  removed  and  the  juice  sterilized.  The 
advantage  of  the  transparency  possessed  by  glass  containers  is  here 
evident.  If  development  of  yeasts,  with  the  consequent  bursting  of 
carboys,  occurs,  serious  defects  in  technique  are  probable,  as  yeasts 
in  fruit  juices  are  very  easily  killed  by  heating. 
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BOTTLB8. 

Flat-bottom  bottles,  i'anging  in  capacity  from  1  pint  to  2  quarts, 
form  the  standard  container  in  which  fruit  juices  are  at  present 
offered  for  sale  at  retail.  Together  with  the  glass  fruit  jar  so  widdy 
used  in  canning  fruits  in  homes,  they  constitute  the  containers  in 
which  fruit  juices  are  most  easily  sterilized  on  the  small  scale.  The 
bottles  may  be  filled  with  hot  or  cold  juice  as  desired.  If  filled  with 
cold  juice,  allowance  must  be  made  for  expansion  on  heating  and 
the  bottles  can  not  be  filled  ^  full  as  when  warm  juice  is  lised.  If 
filled  with  hot  juice,  they  may  be  sterilized  by  being  placed  in  a  bath 
containing  hot  water  and  kept  at  the  temperature  desired.  If  filled 
with  cold  juice,  it  is  necessary  to  place  them  in  a  bath  filled  at  first 
with  cold  or  lukewarm  water,  which  is  then  rapidly  heated  to  the 
temperature  desired.  Starting  in  this  way  and  using  a  water  bath 
heated  by  a  steam  coil,  it  is  found  that  about  half  an  hour  is  usually 
required  for  the  contents  of  the  bottles  to  reach  the  water  bath 
temperature. 

Bottles  are  easily  sealed  with  corks,  patent  seals,  or  porcelain 
stoppers.  Corks,  which  are  best  placed  in  position  by  means  of  a 
corking  machine,  must  be  given  the  treatment  already  described 
or  one  equally  eflfective,  before  being  used.  They  must  be  held 
securely  in  position  during  the  heating.  The  method  of  binding  a 
doth  firmly  over  the  cork  and  tying  it  with  a  string  is  found  to  be 
much  more  easily  applied  than  that  of  merdy  tying  it  with  string  or 
wire  or  using  various  types  of  cork  holders.  As  patent  bottle  seals 
do  not  require  tying  during  the  heating,  they  are  more  convenient. 
Porcdain  stoppers,  once  correctly  fitted  to  the  bottles,  are  very  sat- 
isfactory in  the  preparation  of  fruit  juices  for  home  consimiption,  and 
by  renewing  the  rubber  washers  may  be  used  repeatedly.  The  botUes 
should  be  placed  on  their  sides  in  the  water  bath,  so  that  the  inner 
surfaces  of  the  corks  receive  the  heat  treatment  while  in  contact  with 
the  juices.  If  this  precaution  is  not  taken,  the  chances  of  spoilage 
by  mold  growth  are  measurably  increased. 

On  the  whole,  it  is  not  improbable  that  fruit  jars  will  prove  more 
satisfactory  as  containers  in  sterilizing  fruit  juices  on  the  domestic 
scale  than  botUes,  because  of  the  difficulties  involved  in  using  corks. 
Methods  successfully  employed  in  heating  fruit  in  jars,  or  sealing  it 
in  jars  while  hot,  work  equally  well  for  the  corresponding  fruit  juices. 

Wooden  Containers. 

Wooden  casks  are  useful  as  containers  in  which  fruit  juices  are  to 
be  kept  for  a  limited  time  after  sterilization.  It  is,  however,  difficult 
to  stcorilize  the  casks  thoroughly  before  filling  them  with  hot  juice  and 
to  keep  the  jmces  in  them  sterile  after  they  are  filled  and  sealed.  If 
lai^  casks  are  used,  the  juice  remains  hot  for  a  long  time,  thus 
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receiving  a  heat  treatment  much  longer  than  necessary,  which  may 
injure  the  flavor.  Another  objection  to  casks  is  that  the  color  and 
flavor  of  the  juices  are  injured  by  the  gradual  solution  of  extract 
from  the  walls  of  the  container.  Wooden  casks  can  not,  therefore, 
be  generally  recommended  as  containers  for  fruit  juices. 

Tin  Cans. 

Juices  may  be  far  more  easily  sterilized  in  cans  than  in  wooden 
casks.  Cans,  however,  can  not  at  the  present  time  be  generally  recom- 
mended, as  experiment  shows  that  the  tin  is  constantly  dissolv- 
ing in  the  juice,  even  when  the  type  of  can  designated  as  '^  enamel 
lined''  is  used.  There  is  consequent  injury  to  color,  in  case  of  deli- 
cately tinted  juices,  and  the  flavor  also  is  often  injuriously  affected. 
The  ease  with  which  juices  are  sealed  and  sterilized  in  tin  cans, 
however,  makes  it  seem  probable  that  they  may  be  successfully  used 
in  special  instances  for  storage  of  sterilized  juices,  during  limited 
periods  at  least. 

TEBfPEBATURBS   AND  TtllBS   OP  HlATINO. 

In  cooking  the  fruit  pulp  in  the  kettle  the  temperature  does  not 
exceed  95°  C.  (203®  F.)  during  the  time  ordinarily  required  to  reduce 
the  fruit  to  a  pulp,  usually  less  than  5  minutes.  In  heating  juice 
to  be  transferred  to  hot  carboys  the  temperature  should  be  carried 
up  to  from  85"*  to  90''  C.  (ISS^*  to  194®  F.).  The  sterilizing  temper- 
atures here  recommended  for  general  use  in  preparing  fruit  juices  are 
higher  than  those  used  in  the  earlier  part  of  the  experimental  studies 
to  be  described  later.  In  this  work  it  was  found  that  while  at 
times  complete  sterilization  was  effected  at  a  temperature  of  70®  C. 
(158®  F.),  or  even  lower,  upon  other  occasions  mold  developed.  Ein- 
ployment  of  higher  temperatures  resulted  in  almost  whoDy  eliminat- 
ing the  difficulties  of  mold  growth  in  juices  heated  in  botdes. 

A  temperature  of  at  least  80®  C.  (176®  F.)  is  recommended  for  all 
fruit  juices  sterilized  in  bottles,  allowing,  when  starting  with  cold 
juice,  half  an  hour  for  the  juices  to  attain  bath  temperature,  and 
keeping  the  bottles  at  this  point  for  at  least  half  an  hour.  Where  it 
is  found  that  no  injury  to  flavor  results,  this  temperature  may  be 
increased  with  advantage.  Usually  merely  filling  the  bottles  or  fruit 
jars  with  the  boiling-hot  juice  and  sealing  them  immediately  is  sat- 
isfactory. An  exception,  however,  to  this  treatment  is  found  in  the 
case  of  lemon  juice,  the  flavor  of  which  is  much  injured  by  heating 
to  80®  C.  This  juice  is  easily  sterilized,  without  serious  injury  to  the 
flavor,  by  being  heated  to  70®  C.  for  half  an  hour,  allowing  half  an 
hour  for  the  juice  to  attain  bath  temperature. 

With  juices  sterilized  in  carboys  the  situation  is  less  satisfactory, 
as  infection  with  m*olds  often  occurs  when  all  of  the  precautions 
already   described   have   been   taken.    'Hie  method   of  sterilizing 
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juices  in  carboys,  thcErefore,  requires  further  study.  It  is  not 
improbable  that  a  opiethod  of  sealing  in  which  no  air  space  rosiains 
in  the  carboy,  or  in  which  no  oxygen  is  jMresent  in  the  gases  above 
the  juic^  surface,  would  resuU  in  the  complete  anest  ol  the  dcTelt^ 
ment  of  molds. 

SPECIAL  MBTHODSh  OF  PREFARATVON. 

As  has  been  stated,  the  methods  of  handling  just  described  can  be 
successfully  applied  to  but  a  limited  ntimber  of  those  juices  tried, 
namely,  black  raspberry,  blackberry,  black  currant,  sour  cherry,  and 
peach.  In  the  case  of  strawberry,  apple,  and  other  juices  which  are 
greatly  injured  in  distinctive  flavor  by  being  heated,  it  is  possible  to 
retain  the  flavor  satisfactorily  by  keeping  the  juice  in  freezing  storage 
at  a  temperature  of  14^  F.  Although  certain  juices,  as  pineapple  and 
orange,  are  not  greatly  injured  in  flavor  by  sterilization,  they  change 
in  flavor  and  color  upon  being  kept  at  ordinary  temperatures  after 
sterilization.  Keeping  such  juices  in  cold  storage  at  from  32^  to  36° 
F.  causes  satisfactory  retention  of  the  color  and  flavor.  Anoth^ 
cold-storage  method  of  general  applicati(m  to  fruit  juices,  and  one 
particularly  valuable  for  fruit  juices  the  distinctive  characters  of 
which  are  injured  by  heat,  is  the  method  of  concentrating  by  freezing. 

Juices  of  oranges,  lemcms,  and  pineapples  darken  greatly  in  color  if 
sterilized  and  subsequently  kept  in  contact  with  atmospheric  oxyg^i. 
Satisfactory  color  retention  can  here  be  had  by  stetflizing  and  keep- 
ing the  juices  free  from  atmospheric  oxygen,  which  is  most  conven- 
iently effected  by  carbonating  slightly  and  sterilising  t^iem  in^  carUm 
dioidd. 

APPUCATION  OF  COLD  STORAGE  TO  FBinT  1UICB8, 

8TORAOK  OP  Raw  JmcBs  at  32''  to  35^^  F. 

Apple  juice,  cooled  quickly  after  pressing  to  32®  F.,  and  stored  at 
this  temperature,  will  keep  for  from  6  weeks  to  3  months  before  it 
ferments  sufficiently  to  be  considered  hard  or  sour.^  Unpublished 
experiments  on  the  keeping  of  raw  orange  juice  at  from  32®  to  35®  F. 
show  that  its  flavor  deteriorates  quite  rapidly.  An  unfavorable 
feature  of  storage  of  raw  fruit  juices  at  from  32®  to  35®  F.  is  the 
development  of  molds  at  juice  surfaces.  It  is  not  improbable  that 
simple  measures  for  the  suppression  of  the  mold  growths  could  be 
successfully  used,  as,  for  example,  keeping  the  containers  entirely 
filled,  or  keeping  the  juice  siufaces  weU  blanketed  with  a  layer  of 
carbon  dioxid,  or  possibly  using  ultraviolet  light.  It  seems  probable, 
however,  that  cold  storage  of  freshly  expressed  juices  at  from  32®  to 
35®  F.  is  of  but  limited  application,  as  the  activities  of  microorgan- 
isms are  not  sufficiently  held  in  check. 

1  T$,  8.  Dept.  A|il,  SureMi  of  ChoBilBtry  Glr. «. 
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Cold  Storage  op  Stbrilizbd  Juicks  at  32^  to  35^  F. 

Experiments  which  consisted  simply  of  keeping  bottled  sterilized 
juices  at  from  32®  to  35®  F.  indicate  that  certain  fruit  juices,  notably 
orange,  pineapple,  and  currant,  retain  their  color  and  flavor  far  better 
at  low  temperatures  than  at  the  temperatures  of  ordinary  storage. 

Freezino  Storage  of  Raw  JuiOBfl. 

Juices  may  be  kept  in  freezing  storage  at  temperatures  approxi- 
mating — 10°  C.  (14®  F.)  for  many  months  without  marked  change  in 
composition  or  flavor  or  development  of  microorganisms. 

concentration  bt  psbezino. 

Upon  freezing  a  fruit  juice,  ice  separates,  the  juice  becoming  corre- 
spondingly concentrated.  As  the  temperature  falls  lower  and  lower, 
more  and  more  ice  forms,  and  the  nonfrozen  liquid  becomes  more 
and  more  concentrated,  imtil  finally  a  soUd  block  of  frozen  fruit  juice, 
consisting  of  ice  and  concentrated,  sirupy  liquid,  results.  If  the 
block  of  frozen  fruit  juice  is  now  coarsely  broken  up  and  centnfugal- 
ized,  the  sirup  can  be  removed  from  the  ice,  and  the  latter  discarded. 
A  concentrated  fruit  juice  possessing  the  color  and  flavor  of  the 
original  fruit  is  thus  obtained. 

In  freezing  the  juices  are  placed  in  containers  having  slightly 
flaring  sides,  so  that  by  warming  the  sides  and  bottom  the  block  of 
frozen  juice  may  be  easily  removed.  Slow  freezing  is  more  satis- 
factory than  rapid  freezing  in  an  ice-cream  freezer,  as  in  the  former 
instance  the  crystals  of  ice  formed  are  large,  consisting  toward  the 
end  of  the  freezing  of  long,  thin  plates  reaching  in  towi^  the  center 
of  the  container,  while  in  the  ice-cream  freezer  the  ice  forms  a  finely 
felted  mass  from  which  the  concentrated  juice  is  separated  with 
difficulty.  On  the  laboratory  scale  the  crushing  and  centrifugal- 
izing  is  best  carried  on  in  a  cool  room,  thus  avoiding  undue  melting. 
On  a  commercial  scale  this  precaution  is  not  so  necessary.  Tem- 
peratures approximating  -10®  C.  (14®  F.)  are  sufficiently  low  to 
give  to  concentrated  juices  a  solids  content  of  about  50  per  cent. 
Such  juices  ferment  very  slowly  at  room  temperatures,  the  presence 
of  sugar  and  acid  retarding  greatly  the  growth  of  microorganisms. 

The  method  may  be  easily  extended  to  commercial  propcH^ons, 
as  ice  crushers  and  centrifugals,  readily  obtainable  in  the  market, 
can  be  used  without  modification. 

STERILIZATION  IN  CAKDON  DIOXID. 

In  Carboys. 

The  carboys  are  filled  nearly  full  with  the  cold  juice  to  be  sterilized 
and  placed  in  a  bath  of  cool  water.  The  bath  temperature  is  rapidly 
brought  up  to  the  point  at  which  it  is  desired  to  sterilize  the  product, 
while  a  stream  of  carbon  dioxid  is  slowly  passed  into  each  carboy 
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through  a  glass  or  bloek  tin  delivery  tube  reaching  neariy  to  the 
bottom.  When  the  desired  temperature  has  been  reaehed^  the  flow 
of  carbon  dioxid  is  momentarily  increased,  the  dehvery  tube  being 
withdrawn  at  Uie  same  time  and  a  paraffined  cork  stopper,  taken 
from  scalding  water,  instantly  inserted. 

In  BonpTLES. 

The  juice  is  cooled  to  refrigerator  temperatures  in  a  cask  and  a 
current  of  carbon  dioxid  passed  through  until  the  product  tastes 
distinctly  of  the  dissolved  gas.  It  is  then  transferred  to  the  bottles. 
Tlie  air  above  the  siurface  of  the  juices  in  the  bottles  is  displaced  by 
a  rapid  current  of  carbon  dioxid  after  which  the  cork  is  instantly 
forced  into  position,  tied  in  place  and  the  bottles  and  contents  given 
the  necessary  heat  treatment.  By  thus  lightly  carbonating,  excessive 
pressures  due  to  carbon  dioxid  are  not  developed  on  heating. 

The  principal  effect  of  thus  excluding  atmospheric  oxygen  by 
carbon  dioxid  is  the  satisfactory  retention  in  color  observed  in  citrus 
and  pineapple  juices.  The  products  are  at  the  same  time  improved 
in  palatabihty  by  the  presence  of  carbon  dioxid. 

EXPERIMENTAL  WOBK. 

A  condensed  summary  of  the  experimental  work  with  the  different 
fruit  juices  taken  from  the  laboratory  notes  follows.  Except  where 
noted  to  the  contrary,  the  conclusions  are  based  on  the  work  of  three 
or  more  successive  seasons. 

STBAWBBBRY  JUICE. 

Locally-grown  berries,  variety  Gandy,  were  used  in  most  instances. 

Pressing. — ^To  secure  good  yields  it  was  necessary  to  grind  before 
pressing,  the  pressure  being  appUed  very  gradually  to  allow  time  for 
drainage.    The  yields  ranged  from  63  to  88.06  per  cent. 

Sterilization. — ^The  juices  were  sterilized  without  injury  to  color, 
but  with  marked  injury  to  fresh  fruit  flavor.  A  cooked  strawberry 
taste  developed. 

Keeping  after  sterUizatian. — Color  and  flavor  changed  greatly  on 
keeping  the  juice  in  common  storage,  even  in  carbon  dioxid.  The 
beautiful,  bright,  red  colors  faded  to  dull  brownish-red  tones,  and 
all  distinctive  flavor  of  strawberry  disappeared,  except  for  a  slight 
cooked  strawberry  aroma.  Disagreeable  flavors  developed  upon 
prolonged  storage  at  common  temperatures. 

Keeping  in  freezing  storage  and  concentration  by  freezing. — Raw 
strawberry  juice  retained  weJl  its  original  color  and  flavor  in  freezing 
storage  at  — 10®  C.  (14**  F.)  for  nearly  8  months.  The  juice  could  be 
concentrated  easily  by  freezing,  but  when  partly  concentrated  be- 
came gelatinous,  the  juice  and  ice  separating  with  difficulty. 
91345^— BuU.  241—15 2 
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Diecusaian. — ^The  preparation  of  strawberry  juice  bj  sterilization 
methods  can  not  be  advised  because  the  distinctive  flavor  of  fresh 
strawberries  is  greatly  injured  by  steriUzation.  During  the  period  of 
keeping  it  at  ordinary  temperatures  after  sterihzation,  further  dete- 
rioration in  flavor,  accompanied  by  fading  of  color,  occurs. 

RED  CUBRANT  JUICE. 

Red  currants  grown  in  New  York  State,  mostly  of  the  Fay  variety, 
were  used. 

Pressing. — ^Yields  varying  from  65.5  to  72.8  i>er  cent  were  obtained 
by  passing  currants  through  the  apple  grater  and  pressing  them  with- 
out previous  heating.  Yields  from  73.2  to  81.3  per  cent  were  ob- 
tained by  cooking  before  pressing. 

SterUizaiian. — Upon  heating,  slight  but  distinct  loss  in  fruitinees 
occurred.    The  color  was  unchanged. 

Keeping  after  sterilization, — On  keeping  in  storage  at  room  tempera- 
tures after  sterilizing  them,  the  juices  very  gradually  lost  in  distinctive 
flavor  as  well  as  in  color.  The  sterilized  juices  kept  in  cold  storage, 
at  from  32®  to  35°  F.,  retained  their  color  and  flavor  very  well. 

Storage  of  raw  juices  at  freezing  temperatures  and  concentration  by 
freezing. — ^The  color  and  flavor  of  raw  currant  juices  kept  in  freezing 
storage  at  14°  F.  were  well  retained.  Juice  concentrated  by  freezing 
formed  an  intensely  acid  Uquid,  keeping  well  the  color  and  flavor  of  the 
original  juice. 

JeUy  making  from  sterilized  juices. — Well-flavored  jeUies,  pK)sse8sing 
dean,  sharp,  acid  tastes,  were  invariably  obtained.  The  jelUes  pre- 
pared from  the  sterilized  juices  kept  in  cold  storage  were  much  more 
brilliantly  colored  than  those  from  the  same  juices  kept  in  common 
storage.  JeUies  prepared  from  cold-pressed  juices  were  less  firm 
than  those  made  from  the  hot-pressed  juices.  The  latter,  however, 
were  not  stiff  enough  to  hold  their  shape  well. 

Discussion. — Juice  from  red  currants  is  best  prepared  by  cooking 
until  soft  and  pressing.  The  juices  are  then  freed  from  sediment  and 
steriUzed  in  glass.  For  the  preservation  of  color  it  is  necessary  to 
keep  them  at  low  temperatures.  Temperatures  of  from  32°  to  35°  F. 
are  satisfactory.  Red  currant  juices  are  much  too  acid  for  use  as  bev- 
erages without  dilution  and  sweetening,  in  this  respect  resembling 
strawberry  juice,  though  more  acid.  The  freezing  storage  methods 
work  well,  but  are  hardly  necessary,  as  color  and  flavor  are  weD 
retained  during  sterilization. 

BLACK  CUBBANT  JUICE. 

Black  currants,  variety  not  determined,  grown  near  Geneva,  N.  Y,, 
were  used. 

Pressing. — It  was  necessary  to  heat  the  fruit  before  pressing  to 
secure  a  satisfactory  yield  and  quaUty  of  juice.  The  yidds  of  hot 
pressed  juice  ranged  between  68.4  and  78.1  per  cent. 
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SterUvsatUm  and  Jceeping  after  HerUization. — ^The  characteristic 
ocAoT  and  flavor  were  well  retained  in  juices  sterilized  and  kept  after 
sterilization  at  ordinary  temperatures^  even  for  periods  as  long  as 
several  years. 

ApplieaHan  of  special  methods. — ^Keeping  the  juice  after  steriliza- 
tion at  low  temperatures  or  in  carbon  dioxid  did  not  result  in  a  product 
perceptibly  better  in  quality  than  did  keeping  it  under  usual  condi- 
tions where,  as  stated  before,  the  distinctive  qualities  were  excel- 
lently well  retained.  Upon  concentration  by  freezing,  a  very  viscid 
hi^ily  acid  concentrate  was  obtained.  • 

JeUy  making  from  sterilized  juice. — ^Excellent  jellies  were  easily 
prepared  from  sterilized  black  currant  juice  by  adding  an  equal 
weight  of  sugar  and  cooking. 

Discussion. — Juice  of  black  currants  may  be  prepared  readily  by 
cooking,  pressing,  and  sterilizing  in  sealed  containers.  It  is  practi- 
caBy  unaffected  in  coIot  and  flavor  by  sterilization,  and  the  color  and 
flavor  are  well  retained.  AppUcation  of  special  methods  to  secure 
the  retention  of  color  and  flavor  is  therefore  imnecessary. 

BLACKBBRBT  JUICE. 

The  data  are  based  on  results  obtained  with  wild  blackberries  and 
with  the  following  cultivated  varieties:  Eldorado,  Early  Harvest,  and 
Erie. 

Pressing. — Cooking  before  pressing  increased  the  yield  and  gave 
juices  possessing  the  desirable  aroma  and  flavor  of  cooked  blackber- 
ries. It  was  necessary  to  apply  the  pressure  very  gradually  to  avoid 
pressing  the  pulp  through  the  press  cloths.  Yields  when  cold  pressed 
ranged  from  66.9  to  69.6  per  cent;  hot  pressed,  from  74.4  to  80.  9  per 
cent. 

Sterilization. — ^The  juices  lost  but  Uttle  in  flavor  and  color  on  being 
sterilized. 

Keeping  after  sterilization. — ^Upon  being  kept  at  ordinary  tempera- 
tures after  sterilization  the  distinctive  blackberry  color  and  flavor 
were  weU  retained  for  a  period  of  at  least  6  months.  On  keeping 
for  longer  periods  the  flavor  gradually  lost  its  blackberry  character, 
and  the  color  slowly  faded.  Juice  kept  at  from  32®  to  35°  F.  and  in 
carbon  dioxid  after  sterilization  was  not  perceptibly  superior  in 
distinctive  flavor  and  color  to  that  kept  at  ordinary  temperatiu*es  in 
air. 

Concentration  by  freezing. — ^The  juice  was  easily  concentrated  by 


Discussion. — A  satisfactory  method  of  preparing  the  juice  of  wild 
or  cultivated  blackberries  based  on  the  foregoing  results  consists  in 
cooking  the  berries,  pressing  them,  freeing  the  juice  from  sediment  and 
sterilizing  it  in  bottles.  Though  quite  acid,  juices  of  both  wild  and 
cultivated  varieties  are  attractive  when  so  prepared. 
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Lfocally-grown  berries  of  the  DooKtIle  and  Kansas  varieties  were 
used. 

Pressing, — ^Upon  being  pressed  without  previous  heating,  yidds  of 
from  61.8  to  75  per  cent  ot  juice  were  obtained.  Yidds  as  high  as 
76. 1 8  per  cent  were  secured  by  hot  pressing.  Pressure  must  be  applied 
very  graduaUy  for  satisfactory  yields. 

Sterilization. — ^The  juices  were  not  injured  perceptibly  in  flavor  or 
in  color  by  sterilization. 

Keeping  after  sterUizaHan, — Juices  prepared  by  either  hot  or  coW 
pressing  retained  their  color  and  flavor,  which  were  practicaBy 
unchanged  for  prolonged  periods  at  common  temperatures.  Special 
measures,  such  as  keeping  at  low  temperatures  or  sterilizing  in  carbon 
dioxid,  are  therefore  not  necessary- 

Concentration  hy  freezing. — ^Upon  concentrating  black  raspbory 
juice  by  freezing,  a  peculiar  coagulmn  formed,  consisting  apparently 
of  flocculated  coloring  matter.  Concentrating  by  freezing  as  applied 
to  black  raspberries  did  not  appear  to  be  of  particular  value,  in  view 
of  the  excellent  color  and  flavor  retention  of  the  juice  when  sterilized 
and  kept  at  room  temperature. 

Discussion. — Juices  can  thus  easily  be  prepared  from  black  rasp- 
berries by  crushing  and  then  pressing  them  with  or  without  previous 
heating.  The  characteristic  color  and  flavor  of  black  raspberry  juice 
are  excellently  well  retained  upon  sterilizing  it  and  keeping  it  after 
sterilization  at  ordinary  temperatures  for  prolonged  intervals,  even 
as  long  as  several  years.  The  sterilized  juice  is  rather  acid,  requiring 
the  addition  of  sugar  to  make  it  palatable. 

EED  RASPBESKT  JUICE. 

LocaBy-grown  berries  of  the  Miller,  Brandywine,  and  Cuthbtft 
varieties  were  used. 

Pressing. — ^High  yields  of  juice,  ranging  from  71.9  to  82.3  percent, 
were  easily  obtained  by  crushing  and  pressing  the  berries.  It  was 
necessary  to  press  slowly  and  to  use  double  press  cloths. 

Sterilization. — ^Although  red  raspberry  juices  underwent  a  distinct 
change  in  flavor  on  heating,  the  palatability  of  the  juice  was  not 
greatly  injured. 

Keeping  after  sterilization. — ^The  color  faded  and  disappeared  and 
the  flavor  changed  greatly,  even  during  storage  periods  of  6  months. 
Bottling  the  juice  in  carbon  dioxid  and  keeping  it  in  cold  storage  at 
from  32^  to  35'*  F.  after  sterilization  had  no  apparmt  effect  in  retard- 
ing these  changes  in  color  and  flavor. 

Keeping  raw  juice  in  freezing  storage.— The  color  and  flavor  were 
excellently  well  retained. 

ConcerUration  by  freezing.— The  color  and  flavor  were  well  retained. 
Highly  colored,  richly  flavored,  very  acid  juices  were  obUined. 
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Di$eusium. — ^Tbe  color  and  flavor,  while  thus  found  to  be  injured 
but  slightly  by  sterilization,  deteriorate  greatly  on  keeping,  even 
thou^  carbonated  and  kept  in  cold  storage.  Only  in  freezing 
storage  are  the  ccdor  and  flavor  satisfactorily  retained.  It  is,  how* 
ever,  possible  to  keep  red  raspberry  juice  by  freezing  storage  methods. 

PINEAPPLB  JUICB. 

Florida^rown  red  Spanish  pineapples  were  used  in  all  cases. 

Pressing. — High  yields  of  juice  were  invariably  obtained.  Juice 
derived  from  the  peels  possessed  rather  disagreeable  soapy  flavors. 
Fresh  pineapple  juice  prepared  from  crushed  impeeled  pineapples 
was,  therefore,  less  attractive  than  that  from  pineapples  which  were 
peeled  before  being  pressed.  It  was  foimd,  however,  that  pine- 
apples which  had  not  been  peeled  or  previously  crushed,  but  the 
crowns  of  which  had  been  removed,  might  be  placed  on  their  sides 
in  doths  on  extra  heavy  racks  and  pressed.  So  prepared,  the  juice 
was  not  perceptibly  injured  by  off  flavors  derived  fix)m  the  peel. 

Effect  of  heating  on  jfiavor. — Although  heating  the  juice  caused 
slight  but  definite  changes  in  flavor,  it  did  not  markedly  injure  the 
juice. 

E^ed  of  storage  on  edor  arid  Jfeiwr.-r<3radual  darkening  occurred 
where  precautions  were  not  taken  to  exclude  atmospheric  oxygen  in 
bottling.  This  color  change  was  controlled  by  bottling  the  juice  in 
carbon  dioxid.  In  addition  to  this,  carbon  dioxid  imparted  an  agree- 
able flavor  to  the  juice,  simulating  the  freshness  of  the  original  fruit. 
When  stored  at  common  temperatures,  the  gradual  development  of 
a  pecuhar  taste,  designated  as  a  stale  flavor,  occurred,  and  much  of 
the  rich  flavor  of  the  original  juice  disappeared.  The  characteristic 
flavor,  howev^,  was  sufficiently  well  retained  for  recognition  of  the 
juice  as  pineapple.  Cold  storage  at  from  32^  to  35^  F.  prevented 
perceptible  losses  in  flavor  during  a  period  of  7^  months. 

Storage  ai  freezing  temperatures. — ^During  storage  at  freeziog  tem- 
peratures, — 10®  C.  (14*^  F.),  the  color  and  flavor  were  well  retained. 

Special  m^kods. — A  voluminous  precipitate  formed  on  heating 
pineapple  juice.  A  treatment  consisting  of  warming  the  juice  to 
85®  C.  and  allowing  it  to  stand  for  one  hour  was  sufficient  to  com- 
pletely precipitate  the  heat-coagulable  substances.  The  bulk  of  the 
coagolum  was  removed  by  passing  the  cooled  juice  through  the  milk 
8q>arator.  Filtration  through  paper  pulp  was  thus  greatly  faciU- 
tated,  as  cJoggii^  of  the  filter  was  retarded  by  the  removal  of  the 
coagulum. 

Discussion. — ^It  is  necessary  to  take  q>ecial  precautions  in  the 
|M^eparaticm  and  storage  of  pineapple  juice  to  prevent  deterioration 
in  distinctive  cdor  and  flavor.  Sterilization  and  the  subsequent 
keeping  of  the  juice  free  from  contact  with  atmospheric  oxygen  result 
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in  satisfactory  color  retention.  Keeping  it  in  cold  storage  at  firom 
32^  to  35^  F.  after  sterilization  causes  a  satisfactory  retention  of 
distinctive  pineapple  flavor.  A  heat  treatment,  consisting  m  heating 
to  about  85°  C.  for  an  hour,  is  sufficient  to  precipitate  the  coagulable 
matter.  This  should  be  followed  by  prompt  cooling.  Removal  of 
most  of  the  suspended  matter  by  use  of  the  milk  separator  facilitates 
subsequent  filtration.  A  perfectly  briUiant  juice  of  very  attractive 
pineapple  flavor  is  then  easily  obtained  by  filtering,  carbonating 
lightly,  and  finally  sterilizing. 

CHERRY  JUICE. 

The  English  Morello  variety  grown  near  Geneva,  N.  Y.,  was  used  in 
all  cases. 

Pressing. — High  yields  of  juice,  ranging  from  73.4  to  80.4  per  cent, 
were  easily  obtained  by  pressing  the  crushed  chenries  without  pre- 
vious heating. 

Sterilization  and  Jceeping  after  sterilization. — ^Tha  distinctive  color 
and  flavor  were  well  retained  when  heated  in  carboys,  racked  into 
bottles,  resterilized,  and  afterwards  kept  at  room  temperatures. 

Discussion, — Juice  from  English  Morello  cherries  can  thus  be  suc- 
cessfully prepared  by  the  usual  methods.  Juice  prepared  from  cher- 
ries crushed,  kernels  and  all,  before  pressing,  was  slightly  better  than 
juice  prepared  without  crushing  the  kernels,  because  it  possessed 
flavors  derived  from  the  kernels. 

PEACH  JUOB. 

Georgia-grown  peaches  were  used  in  all  cases.  The  varieties  were 
Carman,  Hiley,  and  Elberta. 

Pressing. — Juices  were  prepared  readily  by  crushing  and  pressing 
the  fruit.  They  were  quite  viscous,  and  long,  slow  pressings  were 
necessary.  If  the  kernels  were  crushed  before  pressing  a  marked  pit 
flavor  appeared  in  the  juice. 

Sterilization  and  Jeeepin^g  after  sterilization. — ^Tlie  prepared  juices 
lacked  somewhat  in  distinctive  peach  flavor,  but  no*  evidence  of 
deterioration  of  flavor  on  sterilization  or  keeping  after  sterilization 
was  found. 

Filtering. — ^The  addition  of  less  than  1  per  cent  of  infusorial  earth 
to  peach  juice  rendered  it  readily  filterable. 

Discussion. — ^Upon  the  whole,  peaches  are  somewhat  less  promising 
as  a  source  of  juice  than  many  other  kinds  of  fruit.  Juices  of  tree- 
ripened  peaches  should,  however,  be  tried  before  final  condusions  are 
drawn. 

HUCKLEBERRY  JUICB. 

The  species  Gaylussacia  baccata  was  used.  One  seaaoo's  work  only 
was  carried  on. 

Huckleberries  3^ded  their  juice  readily  when  jMresded  either  with 
or  without  previous  heating.    Juice  prepajred  from  berries  not  heated 
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before  prciBsiiig  lacked  in  cKstinctire  flavor;  ttiat  from  cooked  fruit 
possessed  a  distinctive  aroma  which  was  not  welt  retained  on  keeping. 
It  was  intensely  colored.  Upon  the  whote,  huckleberries  are  not  of 
promise  as  a  source  of  juice. 

t£MON  JtncKl 

California-grown  kmons  wepe  used  in  all'  of  the  studies. 

Pnasing. — ^The  jimee  was  prepared  readily  by  cutting  each  lemon 
transversely  into  two  or  more  pieces,  placing  the  fruit  in-  cloths  between 
racks  and  presdng  it.  Extra  heavy  or  double  racks  are  required. 
Good  yields  of  juices  ranging  from  35  to  40  per  cent  by  weight  of  the 
kmonS)  were  obtained. 

Bemovai  of  sedmerU. — A  large  proportion  of  oil  was  removed  from 
the  skins  in  pressmg.  This  was  Bemoved-  by  passing  tilie  juice 
throng  a  milk  s^arator,  which  at  the  same  time  removed  a  portion 
of  the  matter  suspended  in  the  juice.  Finally,  the  juice  was  rendered 
almost  dear  by  i^tering  it  through  paper  pidp.  Infusoria.1  earth  can 
be  successfully  used  in  preparing  clear  juices. 

SteriivsaHon  and  Teeepmg  after  gieriMeation. — ^TTke  juice  was  sterilized 
without  marked  loss  in  flavor  by  heating  it  to  70^  C.  for  half  an 
hour.  When  kept  at  low  temperatmres  it  retained  weU  a  rich  lemon 
flavor  f<Mr  many  weeks*  Sooner  or  later,  however,  a  peculiar  flavor, 
designated  as  the  '^bottled  lime-juice"  flavor,  made  its  appearance, 
the  typical  lemon  flavor  at  the  same  time  becoming  less  conspicu- 
ous. Simultaneously,  darkening  in  color  occurred  imless  special 
measures  were  taken  to  protect  the  lemon*  juice  from  contact  with 
tlie  air.  By  bottling  in  carbon  diexid  before  sterilizing'  the  juice, 
satisfactory  color  retention  was  secured.  Oxygen  may  also  be 
successfully  kept  from  contact  with  tiie  juice  by  sealing  the  containers 
in  vacuum.  The  exclusion  of  air,  however,  had  no  perceptible  effect 
cm  the  retention  of  flavor.  So  far  as  tried,  keeping  the  juice  in  cold 
storage,  at  from  32^  to  35^  F.,  was  not  successful  in  controlling  the 
flavor  change. 

Concentraiion  of  lemon  jmee  hy  freeAii/g. — ^Lemon  juice  is  readily 
concentrated  by  freesmg.  As  lemon  juice  is  easily  sterilized  without 
marked  injury  to*  flavor,  however,  it  is  anticipated  that  tile  method 
of  concentrating  by  freesdng  will  be  of  Httie  value  here. 

2>ia0ttMion. — ^Up  to  the  present  time  the  department  is  not  in  a 
poBitaoA  to  suggest  a  satisfactory  method  for  the  preparation  of 
lemoii  juice,  as  none  has  been  found  for  properly  retaining  the 
characteristic  lemon  flavor  during  keeping  at  ordinary  temperatures. 

Flavor  is  quite  weH  retained^  however,  for  at  least  several  weeks. 
CHher  features  of  the  problem  of  preparing  lemon  juice  have  been 
mastered.  Satisfactory  jnelds  ef  juice  are  invariably  obtained  by 
cutting  and  pressing.  Color  retention  is  assured  if  the  juice  is 
lightly   carbonated,   and   boiled   and  sterilized   in   carbon   dioxid. 
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The  milk  separator  can  be  used  in  removing  oil  and  the  bulk  of  the 
suspended  matter.  Preliminary  experiments  show  that  the  addition 
of  infusorial  earth  to  the  juice  will  make  possible  the  preparation  of 
a  brilUant  juice  entirely  free  from  suspended  matter  or  sediment. 

OBANGE  JUICR. 

Florida-  and  California-grown  oranges  were  used. 

Pressing. — Pressing  was  successfully  accomplished  by  cutting 
each  orange  transversely  into  two  or  more  pieces,  forming  the  cut 
fruit  into  ''cheeses"  (p.  2)  in  cloths  and  then  pressing  it.  Eb^tra 
heavy  or  double  racks  were  required.  Removing  the  peels  before 
pressing  was  foimd  inadvisable,  as  juices  so  prepared  were  deficient 
in  orange  flavor,  and  cooked  tastes,  developed  during  sterilization, 
were  more  prominent  than  in  juices  prepared  from  unpeeled  fruit. 
In  a  typical  experiment  with  Florida  oranges  the  yield  of  juice  was 
52.7  per  cent. 

Sterilizaiion  and  Jceeping  after  sterilizaHon. — ^The  juice  underwent 
a  slight  but  distinct  change  in  flavor  on  being  sterilized  at  80**  C. 
When  afterwards  kept  at  temperatures  of  from  32®  to  36®  F.,  no 
further  flavor  change  occurred  for  many  months.  When  kept  at 
ordinary  temperatures,  however,  marked  flavor  deterioration  oc- 
curred. The  flavor  changes  were  accompanied  by  darkening  of 
color,  which,  however,  could  be  controDed  by  carbonating  the  juice 
and  sterilizing  it  in  carbon  dioxid.  The  suggestion  of  excluding  the 
air  from  contact  with  the  surface  of  orange  juice  to  control  color 
change  is  due  to  R.  F.  Bacon,  formerly  of  the  Bureau  of  Chemistry. 
It  has  been  tried  with  other  fruit  juices,  and,  as  already  described 
(p.  7),  found  useful  in  the  case  of  lemon  and  pineapple  juices. 
Carbonating  or  keeping  in  carbon  dioxid  had  no  effect  on  the  reten- 
tion of  the  distinctive  flavor  of  orange  juice. 

Removal  of  sediment  from  orange  juice. — Freshly  expressed  orange 
juice  contained  much  suspended  matter  which  detracted  from  the 
appearance  of  the  sterilized  juice.  Experiments  consisting  in  passing 
the  juice  through  the  rotating  bowl  of  a  milk  separator  showed  that 
a  large  part  of  the  suspended  matter  can  be  easily  removed.  A  small 
portion  of  the  juice  carrying  the  orange  oil  passed  from  the  separator 
through  the  cream  screw.  A  certain  amount  of  this  juice,  added  to 
the  main  body  of  juice  which  has  passed  from  the  milk  separator 
through  the  milk  screw,  restored  the  flavor  of  orange  oil  to  the  juice  to 
the  degree  desired.  Infusorial  earth  added  to  orange  juice  promotes 
filtration. 

Freezing  and  thawing  orange  juice. — ^Upon  freezing  orange  juice  and 
aDowing  it  to  thaw,  more  or  less  complete  coagulation  of  suspended 
matters  occurred.  This  fact  is  possibly  of  importance  in  the  develop- 
ment of  the  technique  of  preparing  a  dear  orange  juice  of  satisfactory 
flavor. 
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Coneentratium  by  freezing. — Concentration  to  a  sirap  was  easily 
accomplished. 

Discussion. — ^Tlie  studies  on  orange  juice  have  not  led  to  results  oa 
which  a  method  for  its  preparation  may  be  based,  as  no  way  to 
successfully  retain  fresh  orange  juice  flavor  has  been  found.  Steriliz- 
ing the  juice  injures  the  flavor,  which  continues  to  deteriorate  gradually 
when  tlie  juice  is  kept  at  ordinary  temperatures.  In  cold  storage, 
however,  the  flavor  is  well  retained.  Certain  features  of  the  tech- 
nology of  preparing  orange  juice  have  been  mastered.  Tlius,  the 
milk  separator  may  be  successfuUy  employed  in  removing  excessive 
amounts  of  oil  as  well  as  suspended  matters  from  freshly  expressed 
juice.  Carbonating  and  sterilizing  the  juice  in  carbon  dioxid,  as 
well  as  cold  storage  at  from  32^  to  35^  F.,  permit  of  satisfactory 
color  retention.  Concentration  by  freezing  to  a  sirup  is  of  promise, 
but  this  subject,  as  well  as  the  use  of  infusorial  earth  in  filtering, 
remains  to  be  further  worked  out  experimentally. 

SUMMABT. 

Prsssino. 

Satisfactory  yields  of  juice  were  easily  obtained  from  all  of  the 
fruits  studied.  Lemon  and  orange  juices  were  best  expressed  by 
cutting  each  fruit  into  several  pieces  and  then  pressing,  a  method 
which  could  be  successfuUy  used  in  pressing  pineapples,  although 
the  method  of  pressing  the  fruit  without  previous  cutting  is  probably 
superior.  It  was  found  advisable  to  pass  all  of  the  other  kinds  of 
fruit  pressed  without  heating  through  an  apple  grater  to  facilitate 
the  outflow  of  the  juice. 

Heating  before  pressing  in  the  case  of  black  raspberry,  blackberry, 
red  currant,  black  currant,  and  huckleberry  juices  resulted  in  larger 
yields  of  juice  and  the  development  of  more  color  and  a  more  dis- 
tinctive flavor  than  were  obtained  from  cold  pressing.  Strawberries, 
red  raspberries,  cherries,  peaches,  pineapples,  lemons,  and  oranges 
were  cold  pressed. 

Effect  of  Hbatino  on  DisnNcnvB  Colors  and  Flavobs. 

Heating  the  juices  sufficiently  to  sterilize  them  did  not  affect 
injuriously  the  color  of  any  of  the  fruit  juices,  though  pineapple, 
lemon,  and  orange  juices  usually  darkened  somewhat  if  heated  in 
the  presence  of  dissolved  oxygen  or  if  exposed  to  atmospheric  oxygen 
during  the  heat  treatment. 

The  distinctive  flavor  of  the  fresh  fruit  was  greatly  injured  and 
the  f  amiUar  cooked  strawberry  taste  appeared  when  strawberry  juice 
was  sterilized  by  heat.  The  fresh  fruit  flavor  of  orange  juice  was  also 
distinctly  injured  when  the  juice  was  heated.  Although  all  lost  in 
the  quality  of  freshness,  heating  did  not  seriously  affect  the  flavor 
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of  other  fruit  juices,  except  in  cases  where  the  heat  employed  was 
excessive. 

Retention  of  DisnNcnvE  Colors  and  Flavors. 

The  extent  to  which  color  and  flavor  were  retained  on  keeping  the 
juice  after  sterilization  varied  greatly  in  the  juices  from  the  various 
fruits.  ^ 

In  strawberry  juice  the  brilliant  red  color  of  the  freshly  sterilized 
juices  in  all  cases  faded  greatly  and  further  flavor  losses  occurred. 
Sterilization  and  subsequent  keeping  in  car1;^on  dioxid  were  not 
effective  in  securing  color  retention. 

Red  currant  juice  very  gradually  lost  in  distinctive  color  and  flavor 
on  being  kept  at  room  temperatures  after  sterilization  and  keeping 
in  carbon  dioxid  was  not  effective  in  securing  either  color  or  flavor 
retention.  Cold  storage  at  from  32°  to  35°  F.  was  found  to  be  a 
very  satisfactory  means  of  controlling  color  and  flavor  changes. 

The  distinctive  colors  and  flavors  of  black  currant,  blackberry, 
and  black  raspberry  juices  were  satirfactorily  retained  during  pro- 
longed periods  at  common  storage.  The  flavor  of  blackberries  was, 
however,  distinctly  less  well  retained  than  that  of  black  currants  or 
Uack  raspberries,  though  it  did  not  imdergo  a  pwceptible  change 
diu-ing  a  storage  period  of  six  months. 

In  the  case  of  red  raspberries  the  distinctive  color  and  flavor  were 
poorly  retained,  even  on  keq)ing  the  juice  in  carbon  dioxid  in  cold 
storage  at  from  32°  to  35°  F. 

When  sterilized  and  subsequently  kept  in  carbon  dioxid  the 
distinctive  color  of  pineapple  juice  remained  practicaDy  unchanged. 
When  exposed  to  atmospheric  oxygen  at  juice  surfaces  during  and 
after  sterihzation,  marked  darkening  occurred.  CSiange  in  color 
was  also  found  to  be  greatly,  though  not  wholly,  retarded  by  keep- 
ing the  juice  in  cold  storage  at  from  32°  to  35°  F.  On  keeping  the 
juice  at  ordinary  temperatures  the  distinctive  pineapple  flavor 
gradually  lessened,  though  the  juices  remained  recognizable  as 
pineapple.  By  keeping  in  cold  storage  at  from  32**  to  35°  F.  flavor 
change  was  almost  wholly  prevented. 

The  distinctive  colors  and  flavors  of  peach  and  cherry  juices  were 
quite  well  retained  while  kept  at  room  temperatures.  HucUeberry 
juice,  hot  pressed,  lost  in  flavor  on  keeping. 

Lemon  juice  darkened  in  color  if  sterilized  and  kept  in  the  pres- 
ence of  atmospheric  oxygen,  though  the  color  was  satisfactorily 
retained  when  the  juice  was  sterilized  and  kept  in  carbon  dioxid  or 
in  vacuimi.  In  aU  cases  an  off-flavor,  designated  as  a  ''bottled 
lime-juice"  flavor,  appeared  in  the  lemon  juice  after  it  had  been 
kept  for  a  time  after  sterilization,  even  thou^  in  cold  storage  at 
from  32°  to  36°  F. 
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Orange  juice  also  underwent  a  marked  darkening  in  color  when 
kept  at  room  temperatures  after  being  sterilized.  The  color  was 
fairly  well  retained  when  atmospheric  oxygen  was  excluded  by 
sterUizing  the  juice  and  subsequently  keeping  it  in  vacuum  or  in 
carbon  dioxid,  and  the  change  in  color  was  well  controlled  by  keep- 
ing the  juice  at  low  temperatures.  The  flavor  of  sterilized  orange 
juice,  already  slightly  injured  by  the  heating  necessary  for  sterili- 
zation, underwent  further  changes  when  kept  at  room  temperatures. 
It  was  found  that  by  keeping  the  juice  in  cold  storage  at  from  32^ 
to  35^  F.  the  flavor  was  well  retained  for  long  periods. 

KSEPINO  IN   FRBB2INO  StOBAOB  AND  GONCBNTBATION   BT  FuBBZENO. 

The  distinctive  colors  and  flavors  of  all  fruit  juices  kept  in  freezing 
storage  at  about  — 10**  C.  (14*^  F.)  were  foimd  to  remain  practically 
unchanged  during  many  months,  except  that  a  peculiar  coagulation 
of  much  of  the  coloring  matter  appeared  in  the  juice  of  the  black 
raspberry.  It  was  possible  to  concentrate  fruit  juices  to  sirups  by 
freezing  out  the  water  as  ice  and  centrifugalizing.  Characteristic 
colors  and  flavors  were  well  retained  on  concentrating. 

Fn/TBRINO. 

Infusorial  earth  greatly  promotes  the  filtering  of  fruit  juices,  as  it 
retards  greatly  the  clogging  of  the  filter. 

CJONCLUSION. 

Juices  of  red  and  black  currants,  blackberries,  black  raspberries, 
sour  cherries,  and  peaches  may  easily  be  successfuUy  prepared  on 
the  large  scale  by  the  methods  used  for  the  preparation  of  grape 
juice,  as  they  retain  their  characteristic  properties  well  on  being 
sterilized  and  stored  away.  Strawberry  juice  and  red  raspberry 
juice  are  not  suited  for  preparation  on  the  large  scale  because  of 
the  readiness  with  which  the  distinctive  colors  and  flavors  change. 
Huckleberry  juice  is  somewhat  characterless.  Pineapple  juice 
requires  special  methods  for  its  successful  preparation  not  necessary 
in  case  of  the  other  juices.  Its  preparation  on  the  commercial  scale, 
however,  is  of  marked  promise. 

Satisfactory  methods  for  the  preparation  of  lemon  and  orange 
juices  have  not  been  developed.  The  peculiar  change  in  flavor  of 
lemon  juice  stored  after  sterilization,  even  at  low  temperatures,  is  an 
obstacle  to  be  overcome  before  the  preparation  of  the  juice  on  the 
large  scale  can  be  considered  advisable.  The  problem  of  preparing 
orange  juice  is  not  without  promise.  It  is  not  unlikely  that  highly 
specialized  methods  in  which  cold  storage  will  play  a  prominent,  if 
not  dominating,  part  will  be  required. 
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INTRODUCTION. 

This  bulletin  embodies  the  results  of  a  study  of  methods  of  pro- 
duction of  three  important  feed  crops — com,  milo,  and  kafir — at 
three  field  stations  on  the  southern  Great  Plains.  The  data  presented 
have  been  obtained  at  Garden  City,  Kans.,  and  at  Dalhart  and 
Amarillo,  Tex.  Experimental  work  with  these  crops  has  been  con- 
ducted at  Akron,  Colo. ;  Hays,  Kans. ;  and  Tucumcari,  N.  Mex. ;  but 
the  results  obtained  at  these  stations  are  not  included  in  this  study. 
At  Akron  very  little  grain  has  been  produced  by  either  milo  or 
kafir,  and  it  is  generally  conceded  that  this  station  is  beyond  the 
northern  limit  at  which  these  crops  can  be  profitably  grown  at  this 
altitude.  At  Hays  the  small  size  of  the  plats  used  in  the  experi- 
mental work  has  subjected  milo  and  kafir  to  influences,  such  as  rav- 
ages by  insects,  that  are  not  ordinarily  experienced  under  field  condi- 
tions.   The  data  are  therefore  not  sufficient  to  permit  adequate  com- 

*  During  the  progress  of  this  work,  the  following  assistants  in  the  Office  of  Dry-Land 
Agriculture  have  had  charge  of  the  details  of  the  investigations :  R.  W.  Edwards,  1911 
and  1912,  and  J.  G.  Lill,  1913  and  1914,  at  Garden  City,  Kans. ;  F.  L.  Kennard,  1908  to 
1»10,  and  C.  B.  Brown,  1913  and  1914,  at  Dalhart,  Tex. ;  and  L.  E.  Hazen,  1911  and  1912, 
at  Amarillo,  Tex.  The  work  at  Amarillo,  Tex.,  is  in  cooperation  with  the  Office  of  Cereal 
Investigations  of  the  United  States  Department  of  Agriculture,  while  at  Garden  City, 
Kans.,  It  is  in  cooperation  with  the  Kansas  Agricultural  Experiment  Station.  The  Bio- 
physical laboratory  has  cooperated  in  obtaining  the  meteorological  data  reported. 

Nora. — This  bulletin  is  intended  for  all  who  are  interested  in  the  agricultural  possi- 
bilities of  the  southern  Great  Plains  area. 
92230**— BulL  242—16 1 
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parison  either  of  the  crops  grown  here  and  at  other  stations  or  of 
different  methods  of  producing  them  at  this  station.  Better  yields 
have  been  obtained  with  corn  at  both  of  these  stations,  but  as  there 
are  no  results  from  other  crops  with  which  to  compare  them  they  are 
not  given  in  this  publication.  At  Tucumcari  the  work  has  not  been 
carried  on  for  a  suflScient  length  of  time  to  obtain  averages  or  to 
warrant  the  drawing  of  definite  conclusions.  It  is  probable,  how- 
ever, that  what  may  be  said  of  crops  at  the  other  three  stations  under 
consideration  will,  in  a  general  way,  also  apply  to  the  Tucumcari 
district. 

With  this  brief  statement  the  work  at  these  three  stations  will  not 
be  further  considered,  and  the  study  will  be  confined  to  the  results 
obtained  at  Garden  City,  Dalhart,  and  Amarillo.  Although  these 
stations  are  located  some  distance  apart,  they  are  confronted  by  gen- 
eral problems  that  are  much  the  same,  the  local  differences  being  in 
their  intensity  rather  than  in  their  nature.  In  order  that  the  diar- 
acteristics  of  this  section  may  be  more  clearly  understood,  a  brief  ac- 
coimt  of  the  climatic  and  soil  conditions  is  given  here. 

CUMATIC  CONDITIONS. 

In  a  general  way  the  climatic  conditions  at  each  of  Uieee  three  sta- 
tions, in  so  far  as  they  materially  influence  crop  results,  may  be 
briefly  described  as  follows-.  A  limited  annual  rainfall  of  irregular 
distribution,  a  high  wind  velocity,  a  very  hi^  rate  of  evaporation, 
possible  hail,  and  in  the  higher  altitudes  violent  fluctuations  in  tem- 
perature. All  of  these  factors  will  be  discussed  separately  and  for 
each  station  imder  consideration. 

PREaPITATION. 

Rainfall  is  the  most  important  factor  influencing  crop  prodncticm 
in  this  section.  In  determining  its  influence,  it  is  important  that  the 
distribution  be  considered  as  well  as  the  total  quanti^'y.  In  ;;  great 
riiany  instances  the  distribution  may  have  even  greater  influence  tiian 
the  total  annual  precipitation  in  determining  crop  pixyjuction.  It 
frequently  happens  in  the  case  of  torrential  rainfall  t:iat  a  large  per- 
centage of  the  water  will  be  lost  by  run-off.  On  the  other  hand,  fre- 
.  quent  light  showers  may  at  the  end  of  the  year  give  a  large  aggre- 
gate rainfall.  These  light  showers  wet  only  the  surface  soil,  and  the 
moisture  may  be  lost  by  evaporation  before  another  shower  falls. 
Consequently,  light  showers  may  be  of  little  value  to  growing  crops. 
In  any  study  of  annual  precipitation  records  of  the  distribution  must 
be  considered  before  its  effects  can  be  completely  understood.  To 
afford  some  means  of  general  comparisons,  the  annual  rainfall  record 
for  each  of  these  three  stations  is  given  in  Table  I. 
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At  Garden  City  the  average  annual  precipitation  for  the  years 
1897  to  1914,  inclusive,  was  19.64  inches.  At  Dalhart,  for  the  years 
1908  to  1914,  inclusive,  the  average  annual  precipitation  was  15.92 
inches.  At  AmariUo  precipitation  records  are  available  for  the  23 
years  from  1892  to  1914,  inclusive.  These  records  show  that  the 
average  annual  precipitation  was  20.95  inches. 

Table  I. — Monthly,  annuaU  and  average  precipitation  at  Garden  City,  Kana., 
and  at  Dalhart  and  AmariUo,  Tew.,  for  the  years  stated. 


Pate  in  Inohes. 


Reoords  fbr  1897  to  1907,  indusive,  at  Garden  Citv,  and  for  1892  to  1906,  indusive,  at 
AmariUo,  were  furnished  by  the  United  States  Weather  Bureau.) 


Statlom  and  year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Deo. 

An- 
nual. 

OardeQ  City,  Kans.: 
i897 ,.... 

0.01 

1.55 

.35 

.15 

.20 

:it 

.10 
1.10 
.30 
.15 
.08 
.30 
.50 
T. 
.28 
.15 
0 

2.33 

0 

1.18 
.88 
.56 
.87 

4.45 
T. 
.71 
.43 
.25 
.67 
.35 
.25 

3.53 

3.04 

T. 

0.19 

.50 

1.30 

1.22 

2.20 

2.46 

.70 

.11 

1.30 

1.60 

.48 

.18 

2.15 

T. 

.89 

.98 

.50 

T. 

2.09 
.97 
1 

6.20 

3.90 

.70 

5.10 

.95 

5.70 

3.24 

.91 

.50 

.07 

1.04 

.32 

2.65 

1.21 

1.74 

0.61 
6.49 

.42 
2.05 
1.20 
6.26 
1.49 
4.30 
1.47 
1.92 
2.44 

.78 
2.60 
1.52 
3.19 

.56 
2.30 
3.63 

3.19 
6.39 
4.40 
2.70 
1.30 
2.43 
2.83 
2.64 
4.57 
4.47 
2.56 
3.45 
3.44 
3.23 
.61 
4.07 
3.12 
1.44 

3.49 
2.59 
6.21 
2.18 
1.48 

.98 

.77 
5.65 

.86 
5.82 
6.35 
1.53 
5.10 
2 

1.84 
1.76 
4.97 

.56 

5.80 
2.04 
1 

.80 
2.  OB 

.88 
3.65 
1.32 

.67 
1.50 
L62 
1.61 
1,31 
2.09 
1.68 
3.49 

.87 

.64 

0.33 
4.24 
1.93 
3.10 
4.57 
1 

.35 
3.39 
1.06 
3.05 
2.50 

.61 
1.43 

.14 

.23 
1.34 
6.47 

.16 

1.78 
.43 
.76 
.52 
.60 

3.62 
.40 

1.20 
.55 

3.46 

1.45 
.99 
.68 
T. 

1.85 
.33 
.23 

1.48 

IT. 
1.56 

T. 

0 

.20 

.40 

.09 

3.10 

1.32 

.16 

2.72 

3.77 

.15 

.95 

.29 

1.19 

T. 

0.50 

2 
.78 
.40 
.31 

1 
.25 

1.30 
.05 
T. 

2 
.23 
.70 
T. 

1.66 
.05 

2.42 
.06 

20.32 

1896 

28.75 

1899 

1900 

1901 

20.58 
19.29 
18.34 

1902 

1908 

1904 

19.65 
20.61 
21.05 

1905 

1906 

1907 

1908 

1909 

1910 

21.06 
27.  U 
20.95 
13.34 
21.80 
11.82 

1911 

1912 

16.76 
18.74 

1913 

23.58 

1914 

9.70 

Mean 

.32 

1.15 

.93 

2.07 

2.40 

3.16 

3.01 

1.88 

1.94 

1.07 

.95 

.76 

19.64 

Dalhart,  Tex.: 

wool"!.'!!!.*!!! 

1910 

1911 

T. 

T. 

.20 
0 
0 

.06 

.06 

.85 
.28 
.03 
.54 
1.80 
.14 
T. 

.04 
.71 
.12 
.43 
.38 
.02 
T. 

2.28 
.18 

1.51 
.59 

2.66 
.88 

3.98 

.63 
1.70 
2.96 
3.37 
2.37 
2.35 
7.29 

2.83 
5.10 
4.04 
.28 
3.36 
1.29 
3.65 

4.11 
1.27 
2.48 
3.65 
1.68 
.85 
2.58 

1.06 
.65 
3.28 
1.87 
2.64 
1.50 
1.38 

.39 
2.12 

.05 

.58 
1.98 
1.45 

.32 

.29 

2.60 

0 

1.72 
.06 
.09 

3 

.99 

.07 
.26 

0 

1.78 

0 

0 

.15 

.02 
1.28 

.03 
3.18 

.56 

13.39 
15.97 
14.76 
14.56 

1912 

16.35 

1913 

1914 

13.50 
22.81 

Mean 

.04 

.45 

.24 

1.71 

2.^ 

2.94 

2.37 

1.77 

.96 

1.11 

.61 

.75 

15.92 

Amarflo,  Tex.: 

1892.- 

1^1 

.42 
.09 
.02 

1.60 
.76 

2.26 
.86 
.29 
.59 
.03 
.04 
.12 
.16 

1 
.41 

1.11 

:S? 

.05 
.07 

T. 
.01 

T. 

.57 

2.03 

1.15 

1.92 

.41 

.65 

.82 

.07 

.47 

.48 

T. 

2.98 

.06 

1.52 

.51 

.24 

.72 

.28 

.17 

3.26 

1.85 

.41 

.01 

2.10 
T. 
.06 
.16 
.21 
.47 
.35 
.17 
.48 
.02 
.74 
.26 
T. 

.02 
T. 
1.08 
.41 
.50 
.78 
.44 
.02 

.21 

.16 

.85 

1.31 

1.95 

1.08 

.08 

.23 

5.47 

4.90 

1.83 

.90 

.68 

4.62 

3.23 

1.30 

1.86 

.27 

.53 

3.90 

.82 

1.69 

1.27 

2.70 
2.19 
1.30 
1.78 
2.20 
4.44 
3.52 
3.12 
4.53 
5.99 
9.14 
1.79 
2.88 
6.16 
1.18 
1.13 
3.44 
1.13 
2.61 
6.74 
L62 
1.71 
3.83 

1.49 
2.08 
3.50 
6.84 
2.31 
2.32 
4.81 
4.45 
1.84 

.92 
2.01 
2.83 
6.53 
2.19 
2.07 
2.23 
1.73 
5.90 
1.48 

.36 
2.31 
2.29 

.65 

1.85 
2.05 
1.82 
2.88 
7.04 
2.16 
3.88 
6.96 
3.21 
1.66 
1.45 
3.38 
2.48 
3.76 
2.90 
1.47 
4.64 
2.19 
2.61 
5.92 
2.50 
1.40 
1.90 

1.93 
2.67 
3.41 
3.87 

.63 
2.71 
4.03 

.51 

.83 
3.03 
2.42 
4.67 
4.60 

.63 
6.76 
6.15 
3.39 
1.39 
2.46 
2.54 
1.51 

.47 
2.52 

.24 
5.27 
2.41 

.57 
2.45 

.73 

.48 
6.09 
5.25 
2.19 

.95 

.82 
3.55 
3.08 
1.96 

.97 
1.50 
1.90 

.05 
1.30 
2.28 
5.60 
1.10 

3.85 

.03 

.39 

2.26 

3.00 

1.63 

.41 

1.15 

1.58 

3.26 

1.74 

2.58 

.44 

.30 

2.49 

1.64 

.37 

1.18 

.13 

1.53 

.33 

.83 

3.98 

.16 
.28 

0 
.81 
.36 
.06 
.34 

3.24 
.08 

2 

2.24 

0 
.20 

5.09 

2.58 
.60 
.51 

3.25 
.19 
.55 
T. 

2.26 

0 

1.06 
.43 
.82 
.79 

2.88 
.63 

2.06 

1.11 
.07 
.04 
.55 
T. 
.69 

1.45 
.19 

1.46 

0 
.54 
T. 

1.14 
.33 

2.17 
.87 

15.60 
17.23 

W94 

1«5 

WW 

18r 

1898 

1889 

1900 

1901 

15.81 
24.79 
24.28 
19.16 
22.54 
27.39 
34.40 
24.43 

1902 

23.11 

1908 

ISO! 

20.28 
21.33 

1905 

32.33 

1906 

1907 

IflQB 

34.92 
18.41 
18.43 

1909 

1910 

1911 

1912 

19tt 

1914 

19.18 
10.60 
27.80 
14.33 
19.28 
10.15 

Mean 

.44 

.80 

.50 

1.73 

3.27 

2.70 

3.04 

2.75 

2.21 

i.« 

1.08 

.84 

30.96 

»T-Traoe. 
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It  will  be  noted  that  at  each  of  the  stations,  from  40  to  45  per  cent 
of  the  total  precipitation  falls  during  the  growing  season  of  the 
crops  studied ;  that  is,  in  the  months  of  Jime,  July,  and  August. 

WIND  VELOCITY. 

Considered  as  a  whole,  the  southern  portion  of  the  Great  Plains 
has  a  high  wind  velocity.  It  is  not,  however,  the  high  average  ve- 
locity as  much  as  the  occasional  high  winds,  which  usually  last  only 
a  short  time,  that  must  be  considered  as  the  injurious  factor  in  crop 
production.  The  damage  to  crops  in  this  region  by  wind  may  be 
accomplished  either  by  soil  blowing,  by  excessive  transpiration  from 
the  leaf  surface,  or  by  direct  loss  of  soil  moisture  by  drying.  Trans- 
piration from  the  leaf  surface  is  an  uncontrollable  factor  in  crop 
production  and  will  not  be  further  discussed.  The  wind  reaches  its 
maximum  velocity  during  the  months  of  March,  April,  and  May, 
although  theie  are  occasional  days  throughout  the  entire  year  when 
the  velocity  is  high.  Wind  velocity,  in  so  far  as  its  soil-blowing  effect 
is  concerned,  does  not  readily  lend  itself  to  any  form  of  scientific 
measurement,  and  data  other  than  those  gathered  by  general  observa- 
tions can  not  be  given.  The  extent  to  which  wind  velocity  may  affect 
soil  movement  also  depends  largely  upon  the  condition  of  the  surface 
soil. 

EVAPORATION. 

The  amount  of  evaporation  from  a  free  water  surface  during  the 
growing  season  is  very  high  in  the  southern  portion  of  the  Great 
Plains.  This  is  due  to  a  combination  of  high  altitude,  dry  air, 
excessive  wind,  high  temperatures,  and  long  periods  of  drought. 
The  seasonal  evaporation  for  this  area  is  about  55  inches,  as  com- 
pared with  about  30  inches  for  the  northern  portion  of  the  Great 
Plains.  This  relatively  high  evaporation  doubtless  accounts  for  some 
of  the  differences  in  crop  yields.  It  is  also  one  of  the  determining 
factors  in  the  crop  variety  which  can  be  successfully  produced  in  this 
region. 

The  amount  of  evaporation  from  a  free  water  surface  should  not 
be  confused  with  the  evaporation  from  the  soil  except  that  it  may 
offer  rather  a  close  relation  to  the  water  lost  from  the  first  few 
inches  of  soil  when  the  soil  is  thoroughly  saturated.  Considerable 
work  is  now  being  done  at  all  of  these  stations  to  determine  the 
rate  and  amount  of  water  lost  from  the  soil  by  evaporation,  but  this 
subject  will  not  be  considered  here. 

Table  II  gives  the  monthly  and  seasonal  evaporation  in  inches 
from  a  free  water  surface  at  the  level  of  the  ground  at  the  Garden 
City,  Dalhart,  and  Amarillo  stations  for  the  years  during  which  the 
experiments  here  reported  have  been  conducted. 
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Table  IV. — Monthly  and  seasonal  evaporation  at  Garden  City,  Kana,,  and  at 
Dalhart  and  Amarillo,  Tex,,  for  the  years  stated, 

[Data  in  inches.] 


Station  and  year. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

• 

Total. 

Garden  City,  Kans.: 

1908.... 

9.02 
6.57 
7.76 
7.10 
6.80 
2.81 
6.92 

9.86 
9.10 
6.33 
9.72 
10.82 
8.23 
7.05 

10.56 
8.76 
9.43 

11.85 
8.58 
9.61 
9.94 

9.46 
9.80 
10.47 
10.26 
10.64 
14.15 
9.40 

9.69 
9.88 
7.63 
10.24 
9.15 
12.90 
10.01 

7.61 
7.46 
6.81 
8.86 
7.09 
6.93 
9.37 

56.13 

1909 

51  56 

1910 

48  41 

1911 

58  02 

1912 

53  08 

1913 

54.51 

1914 

52  60 

Mmn ....    _ 

6.71 

8.73 

9.80 

10.60 

9.93 

7.73 

53  49 

Dalhsrt,  Tex.: 

190B 

5.92 
8.53 
8.54 
7.66 
8.21 
7.69 
6.54 

10.92 
9.90 
8.18 
9.90 
10.24 
10.06 
7.81 

12.07 
10.89 
12.02 
12.37 
8.48 
8.71 
10.26 

9.18 
11.69 
11.63 

9.71 
11.10 
12.70 

8.84 

9.89 
10.57 

8.82 
10.90 

9.13 
10.77 

9.06 

7.95 
7.84 
8.44 
8.77 
6.75 
6.34 
8.23 

55.93 

1909 

59  40 

1910 

57.68 

1911 

60.21 

1912 

53.91 

1913 

66.27 

1914 

61.81 

Mean 

7.57 

9.57 

10.69 

10.69 

9.88 

7.76 

66.31 

Amarfllo,  Tex.: 

6.36 
7.31 
8.14 
8.50 
7.36 
7.05 
7.70 
6.70 

8.04 
9.28 

10.02 
8.03 

10.10 
9.90 
9.76 
6.74 

9.59 
10.38 
10.34 
12.00 
11.48 
8.99 
7.01 
10.12 

10.68 
8.07 
9.97 

12.18 
7.48 

10.95 

12.69 
8.75 

9.40 
8.57 
9.66 
8.80 
8.89 
9.49 
10.34 
8.93 

7.91 
6.77 
8.42 
9.10 
7.28 
6.49 
5.90 
8.04 

61.98 

1908 

60.38 

1909 

66.56 

1910 

68.61 

1911 

62.50 

1912 

62.87 

1913 

63.40 

1914 

49.28 

lf^>^, 

7.39 

8.98 

9.99 

10.10 

9.26 

7.49 

53.21 

HAIL. 

The  damage  due  to  hail  in  the  southern  portion  of  the  Great  Plains 
is  of  minor  importance.  The  hailstorms  usually  occur  before  the 
first  of  June.  Fortunately,  most  of  the  profitable  crops  of  this  sec- 
tion can  be  seeded  after  this  date.  Furthermore,  under  favorable 
conditions,  both  the  grain  and  forage  sorghums  have  the  ability  to 
make  a  rapid  recovery  after  being  badly  damaged  by  hail. 

TEMPERATURE. 

There  is  a  wide  range  in  the  daily  temperature  of  this  region. 
This  is  especially  noticeable  during  the  early  spring  and  late  fall. 
The  entire  growing  season  is  characterized  by  hot  days  and  cool 
nights.  This  does  not  greatly  affect  the  crops  most  commonly 
grown,  however,  but  is  doubtless  one  of  the  reasons  why  some  crops, 
like  com  and  cotton,  can  not  be  more  successfully  produced. 

SOIL. 

For  the  purpose  of  this  bulletin,  the  soil  at  the  stations  under  study 
may  be  divided  into  two  different  types  known  as  "  tight  land  "  and 
"  loose  land."  The  former  varies  from  a  sandy  clay  to  a  light  sandy 
loam,  and  the  latter  varies  from  a  light  sandy  loam  to  almost  pure 
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sand.  There  is  very  little  difference  in  the  productivity  of  these  two 
types  of  soil,  but  they  demand  different  treatment  to  produce  the 
best  results. 

Generally  speaking,  the  sandy  soils  give  more  trouble  from  blow- 
ing and  drifting  than  do  the  heavier  soils.  On  the  other  hand,  they 
have  the  advantage  of  being  more  receptive  of  rainfall.  On  the 
sandy  soils  tillage  implements  which  do  not  pulverize  the  surface 
but  leave  it  in  a  rough  condition  should  be  used.  At  Garden  City 
and  Dalhart  much  difficulty  has  beeji  experienced  in  handling  this 
class  of  soils  so  as  to  prevent  blowing.  The  soil  at  Amarillo  is  heavy, 
and  little  difficulty  is  there  experienced  from  this  source. 

EXPERIMENTAL  WORK. 

Work  was  started  at  the  Garden  City  station  and  the  first  crop 
produced  in  1907.  The  Dalhart  Nation  was  started  in  1907  and  the 
first  crop  was  produced  in  1908.  The  first  crop  was  produced  at 
Amarillo  in  1906.  In  the  fall  of  1909  this  station  was  moved  to  t 
new  location  and  the  first  crop  at  the  new  location  was  produced 
in  1910.  In  preparing  the  tables  covering  these  studies  the  yield 
of  the  crop  for  the  first  year  at  each  of  the  stations  has  not  been 
used,  because  the  land  was  uniform  in  its  preparation.  The  yield 
of  the  1910  crop  at  Amarillo  has  not  been  included  on  account  of 
the  station  being  moved. 

At  all  of  these  stations  an  attempt  has  been  made  to  produce  all 
of  the  farm  crops  that  could  reasonably  be  expected  to  grow  suc- 
cessfully in  this  region.  Not  only  has  this  practice  been  rigi^y 
adhered  to,  but  an  effort  has  also  been  made  to  grow  these  crops 
under  as  many  different  methods  of  tillage  as  would  be  met  with 
in  ordinary  farm  practice.  In  other  words,  the  range  of  preparation 
and  cultivation  has  been  from  the  extensive  to  the  intensive  system 
of  farming. 

SHALL  GRAIN. 

Spring  wheat,  winter  wheat,  oats,  and  barley  will  be  considered 
in  this  study  under  this  heading.  The  greatest  disadvantages  attend- 
ing the  growth  of  small  grains  in  the  southern  portion  of  the  Great 
Plains  are  the  imfavorable  climatic  conditions  prior  to  and  inmie- 
diately  after  seeding.  The  precipitation  table  shows  that  the  rain- 
fall from  September  1  to  May  1  is  usually  very  light.  The  soil  is 
very  dry  at  the  time  for  seeding  small-grain  crops.  This  is  especially 
true  if  a  crop  has  been  .grown  on  the  land  the  previous  summer.  It 
is  difficult  to  secure  a  stand  of  small  grain  when  seeded  under  these 
conditions.  As  a  result  of  the  scant  rainfall  and  the  dry  soil  at 
seeding  time  the  growth  of  the  yoimg  plants  is  so  retarded  that 
they  do  not  make  a  sufficient  growth  to  protect  themselves  from  soil 
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blowing,  which  is  most  severe  during  March  and  April.  When 
soil  blowing  starts  on  a  field  of  small  grain  it  is  almost  impossible 
to  stop  it  without  some  heavy  cultivation,  which  is  impossible  with- 
out destroying  part  of  the  crop.  There  are  other  and  minor  factors 
influencing  the  growing  of  s«mall  grains  which  are  not  discussed  in 
this  bulletin.  There  will  undoubtedly  be  occasional  seasons  of  heavy 
rainfall,  when  a  crop  of  small  grain  might  be  successfully  grown,  but 
as  a  general  practice  the  growing  of  small  grains  in  this  section  can 
not  be  too  severely  condemned. 

The  results  of  the  experimental  work  in  the  production  of  wheat, 
oats,  and  barley  in  the  Great  Plains  by  the  Office  of  Dry-Land  Agri- 
culture have  been  published  in  separate  bulletins  (Nos.  214,  218,  and 
222,  respectively)  in  the  present  series. 

SORGHUMS. 

Experimental  work  with  the  saccharine  sorghums  has  been  chiefly 
along  the  lines  of  variety  and  rate-of -seeding  tests.  On  the  whole, 
the  yields  have  been  very  satisfactory.  Very  little  work  has  been 
done  in  studying  methods  of  preparation  of  the  land  for  these 
crops.  It  is  probable,  however,  that  their  relative  response  to  differ- 
ences in  cultural  methods  is  substantially  the  same  as  that  of  kafir 
and  milo. 

PRESENTATION  OF  RESULTS. 

Tables  IV  to  XII,  inclusive,  present  the  results  of  experimental 
work  with  com,  milo,  and  kafir  at  the  Garden  City,  Dalhart,  and 
Amarillo  stations.  These  tables  give  for  each  station  the  yields  of 
grain  and  stover  each  year,  the  average  yield  of  each  for  the  whole 
period  of  years  under  study,  the  value  of  the  crop,  the  cost  of  pro- 
ducing it,  and  the  resulting  profit  or  loss. 

In  order  to  compare  the  relative  profitableness  of  different  methods 
it  has  been  necessary  to  assign  values  to  the  products  and  to  deter- 
mine the  relative  costs  of  producing  the  crops  by  the  different 
methods  under  study. 

An  accurate  record  of  all  the  farm  operations  performed  by 
the  various  methods  under  trial  has  been  kept  at  each  station.  The 
average  of  these  for  the  three  stations  is  presented  in  Table  III. 
It  is  recognized  that  this  table  does  not  exactly  represent  the  require- 
ments of  any  one  of  the  stations,  but  the  average  seems  to  afford  a 
fair  basis  of  comparison.  From  estimates  and  determinations  of  an 
average  day's  work  the  cost  of  each  cultural  operation  has  been  com- 
puted and  is  given  in  the  table.  In  arriving  at  these  items  of  cost  a 
wage  scale  of  $2  a  day  for  a  man  and  $1  a  day  for  a  horse  has  been 
allowed.  Fifteen  cents  per  acre  for  wear  and  tear  on  the  binder  is 
added  to  the  labor  cost  of  harvesting.    An  allowance  of  8  per  cent 
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on  a  valuation  of  $20  per  acre  is  added  for  taxes  and  interest  on  the 
land. 

To  these  items  must  finally  be  added  a  charge  of  22  cents  per  acre 
for  seed  in  the  case  of  com,  as  shown  in  Table  III,  and  17  cents  per 
acre  for  kafir  or  milo  seed. 

Table  III. — Comparatire  cont  per  acre  of  producing  corn^  hy  different  methods 
at  Garden  City,  Kans.,  and  Dalhart  and  Amariilo,  Tex. 


Number  of  operations. 

Cost  per  acre. 

Inter- 
est 
And 
taxe:?. 

Total  cost  of  pro* 
ductioD. 

Method  of  prepa- 
ration. 

Plow- 
Ing. 

Har- 
row- 
ing. 

Disk- 
ing. 

Siib- 
soU- 
ing. 

Cost 
of 
prep- 
ara- 
tion. 

Seed. 

Plant- 
ing. 

Cul- 
tivat- 
ing. 

Har- 
vest- 
ing. 

In 
dol- 
lars. 

In 
stiver, 
at  $4 

In 

grata 
at  40 
oenti 

per 
bosh. 

eL 

Listed 

1 

1.4 

1.4 

1.4 

8.3 

1 

.6 
1.1 
1.1 
3 

10.92 

$0.22 
.22 
.22 
.22 
.22 

$0.60 

$1.14 

$1.50 
1.50 
1.50 
1.50 
1.50 

$L60 
l.CO 
1.60 
1.60 
3.20 

5.98 
7.11 
7.49 
8.18 
12.36 

1.50 
1.78 
1.87 
2.05 
3.09 

15.0 

Spring  plowed — 

Fall  plowed 

Subsoiled 

Summer  tilled.... 

1.4 

"o.h' 

2.40 
2.78 
3.47 
6.05 

.25 
.25 
.25 
.25 

1.14 
1.14 
1.14 
1.14 

17.8 
18.7 
20.5 
30.9 

» Based  on  three  cultivations.    With  the  reduction  of  5  cents  per  acre  in  the  cost  of  seed,  the  same  figuni 
are  used  for  both  kafir  and  milo. 

To  determine  the  value  of  the  crop  is  even  more  difficult.  The 
farm  value  of  corn  in  the  Great  Plains  on  December  1  for  the  10 
years  ending  with  1914  has  been  51  cents  per  bushel.  The  writers 
have  used  in  this  study  a  valuation  for  each  of  the  three  crops  of  40 
cents  per  bushel  in  the  shock.  This  allows  11  cents  per  busliel  to  com- 
plete the  harvesting.  In  the  territory  under  consideration,  these 
crops  are  fed  locally  and  a  large  part  of  them  without  husking  or 
thrashing. 

The  average  price  of  hay  for  the  same  territory  during  the  same 
time  has  been  $6.22  per  ton.  An  arbitrary  value  of  $4  per  ton  is 
assigned  to  the  stover  or  fodder  from  each  of  the  crops.  This  prob- 
ably is  an  overvaluation  of  milo,  and  possibly  of  com,  in  comparison 
with  kafir.  The  corn  roughage  is  of  a  much  better  quality  than  in 
better  corn  sections.  In  many  cases  it  contained  some  grain,  but  not 
enough  to  warrant  husking.  In  some  instances,  as  is  shown  in  detail 
in  the  tables,  the  only  production  from  milo  and  kafir  has  been  that 
of  roughage.  This  is  an  indication  of  generally  unfavorable  condi- 
tions and  scarcity  of  feed.  In  such  years  any  feed  is  comparatively 
valuable,  as  it  makes  it  possible  to  carry  over  stock  without  loss  or  a 
reduction  in  numbers  so  serious  as  to  unbalance  the  farming  system. 

For  the  sake  of  uniformity  the  term  "  stover  "  is  used  in  all  the 
tables. 

RESULTS  WITH  CORN  AT  INDIVIDUAL  STATIONS 

The  results  with  com  at  these  stations  have  been  presented  in  a 
bulletin  entitled  "  Com  in  the  Great  Plains  Area :  Relation  of  Cul- 
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tural  Methods  to  Production."  As  this  bulletin  will  have  a  some- 
what different  circulation  from  that  one,  and  as  it  seems  desirable 
to  show  the  results  with  corn  in  comparison  with  those  of  the  other 
two  important  feed  crops,  milo  and  kafir,  they  are  here  presented. 

CORN  AT  GARDEN  CITY. 

With  the  exception  of  a  very  light  grain  yield  in  1914,  which  was 
included  in  the  stover  weight,  corn  has  not  matured  grain  at  Garden 
City ;  therefore  it  can  be  considered  only  as  a  fodder  crop.  A  study 
of  Table  IV  shows  little  difference  in  the  yields  obtained  by  spring 
and  fall  plowing.  A  slight  difference  does  exist  between  the  yields 
obtained  where  com  follows  com  and  where  corn  is  grown  after 
small  grains.  The  difference  is  in  favor  of  the  first-named  crop  se- 
quence, indicating  that  com  leaves  the  land  in  better  condition  for 
a  succeeding  crop  than  small  grain  does.  Subsoiling  has  increased 
the  yield  over  listing  and  fall  and  spring  plowing,  but  the  increased 
yield  has  been  just  sufficient  to  balance  the  extra  expense  incurred  in 
using  this  method  of  seed-bed  preparation.  Listing  gives  the  lowest 
average  yield  of  fodder,  but  since  this  method  is  the  least  expensive 
it  has  been  productive  of  the  smallest  loss.  Corn  following  summer 
tillage  has  produced  the  highest  yields,  but  as  this  is  the  most  ex- 
.  pensive  method  under  trial  it  has  resulted  in  the  greatest  loss.  Asv 
calculated  in  Table  IV,  corn  at  this  station  has  not  been  produced  at 
a  profit  by  any  method  under  trial. 

Table  IV. — Summary  of  yields  and  digest  of  the  cost  of  production  of  corn  hy 
different  tillatje  methods  and  crop  sequences  at  Garden  City,  Kans.y  J 909  to 
1914*  inclusive. 


Fall  plowed. 

Spring  plowed. 

Yields,  values, 

etc.  (average 

per  acre). 

After 

com 

(iplat). 

After 

Rmall 

grain 

(11  plats). 

After 

corn 

(iplat). 

After 

small 

grain 

(ifplats). 

Subsolled 

after  com 

(iplat). 

Listed 
after  com 
(2  plats). 

Summer 

UUed 
(iplat). 

1 

1 

i 

1 

1 

C5 

1 

i 

OQ 

i 

OQ 

O 

00 

1 

1 

Yield  for  the 
year: 
1Q09    . 

Bus. 

Lb9. 

Bus. 
0 

Lbs. 

2,972 

Bus. 

Us. 

Bus. 
0 

Us. 
3,446 

Bus. 

Us. 

Bus. 
0 

Us. 
2,180 

Bus. 

Us, 

1910 

1911 

1912 

1913 

1914  « 

0 
0 

1,400 

4,620 

H. 

3,040 

0 
0 
H. 
0 

934 
4,498 

H. 
2,668 

0 
0 
H. 
0 

1,100 
2,460 

0 
0 
H. 
0 

1.269 
2,100 

0 
0 
H, 

0 

750 
4,840 

0 
0 
H. 
0 

695 
5,570 

H. 
2,830 

0 

0 

H. 

0 

4,000 
5,700 
H. 
4,320 

Average. 

0 

3,020 

0 

2,768 

0 

3,047 

0 

2,688 

0  13,363 

0 

2,819 

0 

4,709 

Crop     value, 
cost,  etc.: 
Value  . 

16.04 

S5.54 

£6.09 

Sfi.38 

S6.73 

S5.64 

19.40 

Cost 

$7.49 

$7.49 

$7.11 

$7.11 

$8.18 

$5.98 

$12.36 

Lobs.... 

-1.45 

-1.95 

-1.02 

-1.73 

-1.45 

-  .34 

-2.96 

1  H=:DestrQyed  by  hail. 
92230°— BulL  242—15- 


«  V^ery  small  yield  of  grain;  weight  included  with  stiver. 
-2 


Digiti 


zed  by  Google 


10 


BULLETIN   242,  U.   S.   DEPABTMENT  OF   AGRICULTUBE. 


CORN  AT  DALHART. 

Six  crops  of  corn  have  been  grown  at  the  Dalhart  station.  In  three 
of  the  years  under  study  grain  was  produced,  while  in  the  other  three 
years  nothing  but  stover  was  produced.  The  best  yield  was  obtained 
in  1914,  when  optimum  seasonal  conditions  for  the  production  of  this 
crop  prevailed.  Listing  has  been  productive  of  the  highest  average 
yield  of  grain,  but  it  is  thought  that  this  may  be  due  to  the  fact  that 
the  listed  plat  occupies  such  a  position  on  the  farm  that  it  sometimes 
receives  considerable  run-off.  Because  of  the  low  cost  of  this  method 
of  preparation  it  gives  the  greatest  profit.  Summer  tillage  is  the 
most  costly  method  of  seed-bed  preparation;  consequently  it  returns 
rather  a  low  profit,  although  it  insures  a  good  yield  of  fodder  every 
year.  The  difference  between  the  average  yields  by  spring  and  fall 
plowing  is  very  slight. 

Table  V. — >iuw))tnri/  of  yiehU  and  digest  of  the  eost  of  production  of  corn  by 
different  tillage  methods  and  crop  sequences  at  Dalhart,  Tex.,  1909  to  1914* 
incluttivc. 


Yields,  values, 

etc.  (average 

pw  acre). 


Yield    for   the 
year: 

1909 

1910 

1911 

1912 

1913 

1914 

Average.. 

Crop  value, 
cost,  et^'.: 
Value 

Total  value. 
Cost 

Profit.... 


Fall  plowed. 


After  com 
(1  plat). 


After  small 

grain 
(12  plats). 


0 

8.0 
0 

7.4 
0 
35.6 


Lbs. 
1.000 
2  Am 

4.000 
2.2.W 
2.000 


8.0     2.711 


Bwfh. 
0 

0.2 
0 

14.1 
0 
20.3 


Spring  plowed. 


After  com 
(1  plat). 


After  small 

grain 

(7  plats). 


5 


Lbs.   I  Bush.     Lbs.   '  Bush. 


$3.44 


$.5.42     $2.92 


940 
2.947  I 
2.771 
2.779 
2. 405  , 

3.rm  I 


0 
15.1 

0 
10.5 

0 
31.5 


TOO 
3.010 
4.000 
2.200 
2.1.% 
3.tHK) 


0 
15.3 

0 

9.7 

0 
17.0 


2..y>9         9.5 


7.0 


$5.14  '  $3.80     $5.45 


IS.  SO 
7.49 


1.37 


$.8.00 
7.49 


.57 


$9.25 
7.11 


2.14 


$2.80 


5 

QQ 


Listed  aft«r 
com  (1  plat). 


Lbs. 
1,014 
2.914 
2.708 
2,751 
1.037 
3.2.55 


2.2«W) 


$4.56 


$7.36 
7.11 


Bush. 

0 
25.6 

0 
21.0 

0 
25.1 


Summer 
tiUed  (1  plat). 


Lbs. 
2,250 
3,340 
2.350 
3,100 
1.750 
2,740 


14.0     2,588 


$5.  GO     $5.18 


$10.78 
5.98 


4.80 


BuA. 

0 
25.6 

0 
23.0 

0 
30.8 


13.7 


Xftt. 

3,400 

4,110 

3,000 

3,300 

6,150 

3.440 


3,900 


$5.48      $7.80 


$13.38 
12.36 


.92 


CORN  AT  AMARILLO. 

Seven  crops  of  corn  have  been  grow^n  at  Amarillo,  Tex.,  and, 
although  only  one  complete  grain  failure  is  recorded,  the  yields  of 
four  years  were  so  low  that  husking  would  have  been  impracticable  • 
in  farm  practice.  The  1008  yields  varied  from  14.7  to  27.6  bushels 
per  acre.  If  such  yields  could  be  obtained  consistently,  the  growing 
of  com  in  this  section  would  be  justified.  The  average  yields,  how- 
ever, are  not  sufficient  to  cover  the  cost  of  production.    All  methods 
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have  produced  fodder  each  year,  but  in  only  one  year  has  there  been 
a  creditabh  production  of  grain. 

The  differences  in  the  yield  from  different  methods  have  been  com- 
paratively small.  Summer-tilled  land  shows  a  small  increase  in  the 
yield  of  both  grain  and  stover  over  all  other  methods.  Fall  plowing 
has  proved  a  somewhat  better  preparation  than  either  spring  plow- 
ing or  listing.  Subsoiling  has  failed  to  increase  yields  over  fall 
plowing. 

Listing  shows  a  small  profit  of  67  cents  per  acre.  All  other 
methods  show  losses  ranging  from  19  cents  per  acre  by  fall  plowing 
after  com  to  $2.85  on  summer-tilled  land. 

Table  VI. — Summary  of  yields  and  digest  of  the  cost  of  production  of  com  by 
different  tillage  methods  and  crop  sequences  at  Amarillo,  Tex.,  1907  to  1914, 
inclusive. 


Yields,  values, 

etc.  (average 

per  acre). 


Fall  plowed. 


After 

com. 

(1  plat). 


After 


grain 
(llpb 


plats). 


Spriog  plowed. 


After 

com 

(iplat). 


After 

small 

grain 

(3  plats). 


Subsoiled 
after  com 
(1  plat). 


Listed 
after  com 
(2  plats). 


Summer 

tiUed 
(1  put). 


Tfeldsfortba 
jear: 

WOT 

1908 

19W 

mi 

1912 

1913 

1914 

Crop     value, 
cost,  etc: 
AveragB. 

Value 

Total  value 
Cost 

Profit  or 
loss... 


Bush 
1.4 
22.9 
2.7 
9.2' 
.7 
0 
3.6 


Lb8 
3,270 
4,580 
1,310 
2,075 
1,680 
380 
4,140 


Bush. 
2.3 
19.8 
0 

8.9 
1.7 
0 
5.1 


Lbs. 
2,997 
3.107 
1,596 
2,145 
1,848 
773 
3,641 


Bush 
3.1 
20.3 
.6 
8.1 
2.6 
0 
1.1 


Lbs. 

3,290 

3,300 

560 
1,945 
2,160 

700 
1,500 


Bush 
2.1 
14.7 
0 

9.5 
1.1 
0 
2.6 


5.8 


2,491 


5.4 


2,301 


5.1 


1,921 


|2.32i 


$4.98 


S2.16 


»4.60 


12.04 


13.84 


$7.30 
7.49 


$6.74 
7.49 


$5.88 
7.11 


-  .19 


-  .75 


-1.: 


Lbs. 
3,010 
2,863 
1,383 
1,960 
1,829 
383 
2,733 


Bush 
1.1 
25.7 
1.7 
7.1 
1.0 
0 
5.1 


Lbs. 

3.490 

3,810 

900 
1,720 
2,080 

430 
4,850 


Bush 
2.i 
24.7 
5.4 

7.8 
1.7 
0 
7.0 


Lbs.  Bush. 
2,935      5.7 


2,390| 
1,013 
1,998 
2,015 
225 
2,870 


4.3 


2,023 


6.0  2,481 


27.6 
6.4 
9.3 
3.3 
0 
8.01 


Lbs. 

3,710 

3,700 

1,890 

2,060 

2,840 

1,750 

5,320 


/  7.0  1,925     ae 


3,037 


$1,721  $4.05 


$2.40l  $4.96 


$2,801 


$3.85  $3.44 


$6.07 


$5.77 
7.11 


$7.36 
8.18 


$6.65 
5.98 


$9.51 
12.30 


-1.34 


-  .82 


.67 


-2.85 


RESULTS  WITH  MILO  AND  KAFIR  AT  INDIVIDUAL  STATIONS. 

Milo  is  imdoubtedly  the  leading  grain  crop  grown  in  this  section 
and  has  given  surer  and  better  grain  yields,  on  the  average,  than 
any  other  crop  grown  at  the  stations  included  in  this  study.  Two 
types  of  this  crop  are  commonly  grown,  namely,  Standard  and 
Dwarf.  The  Standard  type  grows  a  stalk  averaging  about  4^  feet  in 
height,  depending  upon  seasonal  conditions,  while  the  Dwarf  prob- 
ably will  not  average  over  3  feet.  Differences  in  yield  due  to 
seasonal  conditions  so  far  overshadow  any  differences  in  type  that 
it  is  almost  impossible  to  draw  any  definite  conclusions  as  to  just 


Digiti 


zed  by  Google 


12  BULLETIN   242,  U.   S.   DEPARTMENT  OF  AGRICULTTJBE. 

which  of  the  two  types  gives  the  better  yield.  It  is  probable,  how- 
ever, that  the  average  yield  for  a  series  of  years  would  be  in  favor  of 
the  Dwarf  type.  If  the  grain  is  to  be  headed  and  the  stalks  left  in 
the  field,  it  would  probably  be  advisable  to  plant  the  Dwarf,  since 
it  is  not  so  high  and  can  be  more  easily  headed  with  a  header  or  by 
hand.  The  Standard  is  more  easily  handled  with  a  row  binder, 
and  where  the  stalks  are  to  be  saved  and  fed  in  the  bundle  or  the 
crop  used  for  silage  this  type  should  be  planted. 

Two  varieties  of  kafir  are  also  universally  grown.  These  are  the 
Standard  and  the  Dwarf,  and  what  has  been  said  of  the  different 
types  of  milo  may  also  be  said  of  these  kafir  varieties.  Kafir  differs 
from  milo  in  that  it  recjuires  a  longer  season  to  mature  and  is  fre- 
quently injured  by  frost,  as  will  be  seen  by  referring  to  the  tables 
presented  in  connection  with  these  studies. 

Milo  has  usually  given  the  highest  grain  yield,  while  kafir  has 
given  uniformly  higher  yields  of  fodder.  Not  only  does  kafir  give 
a  larger  yield  of  fodder  than  milo,  but  the  quality  is  far  superior. 
This  is  especiall}'  true  if  an  attempt  is  made  to  harvest  the  milo  crop 
for  both  seed  and  fodder.  The  reason  for  this  is  that  the  milo  stalk 
ripens  before  the  head  and  there  are  very  few  leaves  left  on  a  hard, 
woody  stalk  at  the  time  of  harvest  for  grain.  With  kafir  the  ripen- 
ing is  just  the  reverse  of  milo;  that  is,  the  head  ripens  before  the 
stalk,  which  makes  it  possible  to  harvest  a  grain  crop  when  grain 
is  produced  and  at  the  same  time  a  fodder  crop  of  good  quality. 

MILO  AT  GARDEN  CITY. 

t 

Six  crops  of  milo  have  been  grown  at  Garden  City,  Kans,  Since 
three  of  these  failed  to  produce  grain,  the  average  grain  yield  is 
very  low.  Yields  of  milo  grown  after  summer  tillage  are  not  in- 
cluded in  the  experiments  here  reported.  The  work  has  been  rear- 
ranged and  extended  to  include  it  and  a  wide  range  of  methods  of 
seed-bed  preparation.  Of  the  methods  here  reported  there  is  not  suffi- 
cient difference  in  the  average  yields  to  indicate  the  great  superiority 
of  any  one  over  the  others.  The  lowest  yield  of  both  grain  and  stover 
has  been  on  spring-plowed  land  continuously  cropped  to  milo.  The 
highest  yield  has  been  from 'fall  plowing  after  small  grain.  The 
former  method  has  resulted  in  an  average  loss  of  83  cents  per  acre, 
while  the  latter  has  given  a  profit  of  $2.07  per  acre.  Considering  the 
value  of  both  grain  and  stover,  only  two  of  the  six  crops  on  faU-. 
plowed  and  on  listed  land  have  been  produced  at  a  loss,  while  only  one 
crop  on  spring-plowed  land  has  returned  a  profit. 

It  will  be  seen  that  at  this  station  milo  stover  at  a  valuation  of  $4 
per  ton  has  returned  a  greater  value  than  the  grain  when  priced  at 
40  cents  a  bushel.    At  the  other  stations  the  opposite  has  been  true  in 
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nearly  every  case.    This  is  an  important  consideration  in  studying 
milo  yields,  as  the  crop  is  usually  grown  for  the  grain. 

Table  VII. — Summary  of  yields  and  digest  of  the  cost  of  production  of  niilo  by 
different  tillage  methods  and  crop  sequences  at  Garden  City,  Kans.,  1909  to 
1914,  inclusive. 


Fall  plowed. 

Spring  plowed, 

Yields,  values,  etc.  (average  per  acre). 

After  mllo 
(1  plat). 

After  small  grain 
(2  plats). 

after  milo 
(1  plat). 

(1  plat). 

Grain. 

Stover. 

Grain. 

stover. 

Grain. 

stover. 

Grain. 

Stover. 

YWds  for  the  year: 

1909 : 

Bush. 

0 
14 

0 
30.5 

0 

8.5 

Lbt. 

3,950 

2,150 

760 
3,120 

260 
2,670 

Bush. 

0 
21.8 

0 
27.1 

0 
13.9 

Lb9. 
5.345 
3,275 
360 
3,010 

3,lt5 

Bush. 
0 

7.6 
0 
25 
0 
4.8 

Lbs. 

3,370 

1,940 

380 
2,760 

620 
2,180 

Bush. 

0 
12.4 

0 
29.1 

0 
11.2 

Lbs. 
3.830 

1910 

2,380 

1911 

0 

1912 

3,775 
300 

1913 V 

1914 

1,930 

Average 

8.8 

2,152 

10.5 

2,656 

6.2  1    1,873 

8.8 

2,036 

CrcR)  value,  cost.  etc. : 

Value 

$3.52 

»4.30 

$4.20 

$5.31 

$2.48  1    $3.75 

$3.52 

$4.07 

Total  value 

17.82 
7.44 

$9.51 
7.44 

$6.23 
7.06 

$7.52 

C«et 

5.93 

Profit  or  loss 

.3K 

2-07 

—  .83 

1.50 

MILO  AT  DALHART. 

Milo  has  given  higher  average  yields  at  Dalhart,  Tex.,  than  at  any 
of  the  other  stations,  and  there  is  a  greater  range  in  the  average 
profits  per  acre  from  different  methods.  The  grain  yields  vary  from 
a  complete  failure  to  69  bushels  per  acre.  Records  for  six  years  are 
available  from  this  station.  In  all  but  two  years  milo  has  been  grown 
at  a  profit  by  all  methods  under  trial.  Milo  following  summer  tillage 
has  been  profitable  in  all  years  except  one.  This  fact,  combined  with 
the  high  average  yield  of  both  grain  and  stover  and  the  net  profit  of 
$14.21  per  acre  that  it  returns,  makes  it  a  method  of  great  importance 
for  the  Dalhart  region.  The  crop  was  harvested  in  bulk  ajid  con- 
verted into  ensilage  in  1913,  but  the  summer-tilled  plat  produced  an 
estimated  yield  of  at  least  600  pounds  of  grain  per  acre.  The  yields 
obtained  show  that  summer  tillage  has  insured  a  grain  yield  in  dry 
years,  and,  except  in  one  year,  has  increased  the  yield  over  that  from 
other  methods. . 

The  listing  method  returns  the  next  highest  profits  per  acre.  The 
plat  devoted  to  this  method  occupies  a  low  place  on  the  farm  and  may 
catch  run-off  water  in  sufficient  quantity  to  increase  the  yields.  The 
low  cost  of  preparation  by  this  method  is  a  point  in  its  favor. 

The  low  yields  obtained  from  milo  following  small  grain  by  fall 
plowing  have  been  due  more  to  imperfect  stands  than  to  any  other 
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known  factor,  and  it  is  hardly  fair  to  compare  these  yields  with  those 
secured  by  other  methods. 

A  study  of  the  yields  by  fall  and  spring  plowing  where  mile  fol- 
lows milo  shows  no  appreciable  difference  in  the  value  of  these  two 
methods.    Both  methods  have  given  good  profits. 

Table  VIII. — Summary  of  yields  and  digest  of  the  cost  of  production  of  milo  hy 
different  tillage  methods  and  crop  sequences  at  Dalhart,  Tex.^  1909  to  191J^, 
inclusive. 


Yields,  values,  etc. 
(average  per  acre). 


Yield  for  the  year: 

1909 

1910 

1911 

1912 

1913 

1914 


Average.. 


Crop  valiip,  cost ,  etc. 
Value 


Total  value . 
Cost 


Profit. 


Fall  plowed. 


After  milo  After  small 

(1  plat).         I  prain  (2  plats). 


\^iI^^£iZf\     T.lsted  after 
I         plSt)  ;    niilo(lplat). 


Grain. 


2.8 
20. 6 
19.1 
28.6 

0 
55.5 


22.1 


$8.84 


Stover.    Grain.  ,  Stover. 


Lbs.    ' 

Bush. 

1,660  1 

3.8 

6,660  1 

21.2 

4,270  1 

0 

4,650  1 

33.1 

1,750  1 

0 

4,980  1 

(') 

Lbs. 
3,000 
6,945 
755 
2,965 
2,275 


3,995  I       11.6  I     3,188 


Grain. 


Bush. 

.•?.3 
26.4 

5.9 
39.7 

0 
51.7 


21.2 


Stover. '  Grain. 


Lbs. 

3,990 

6,950 

2,000 

4,610 

1,800 

5,040 


I 


Bush. 

3.8 
50.4 
23.6 
22.4 

0 
48.4 


Stover. 


Lbs. 

1,590 

8,380 

3,330 

2,770 

1,250 

4,130 


4,065  I      24.8  I    3,575 


$7.99  I    $4.64  I    $6.38 


$8.48  I    $8.13 


$16.83 
7.44 


$11.02 
7.44 


3.58 


$16.61 
7.06 


$9.92  i    $7.15 


9.55 


$17.07 
5.93 


11.14 


Summer  tilled 
(Iplat). 


Grain. 


Bush. 
14.7 
69.0 
27.8 
62.4 

U0.3 
45.3 


Stover. 


Lbt. 
4,960 

11,52) 
3,53D 
6,500 
3,600 
5.500 


36.6  i 


5.938 


$14.64  I    $11.S8 


$26.52 
12.31 


14.21 


'  Estimated  yield;  harvested  in  bulk  for  ensilage. 


2  Discontinued  in  1014. 


MILO   AT   AMARILLO. 

Seven  crops  of  milo  have  been  grown  at  Amarillo,  Tex.,  and  grain 
yields  were  secured  from  six  of  them.  Milo  after  small  grain  on 
fall  plowing  has  given  better  average  results  than  any  other  tillage 
method  used  at  this  station.  General  observation  as  to  yields  indi- 
cates that  crop  sequence  has  less  influence  than  other  factors.  The 
yields  of  milo  grown  on  fall-plowed  land  following  small  grain  do 
not  greatly  exceed  those  obtained  from  diflFerent  methods  on  land 
continuously  cropped  to  milo.  In  fact,  with  the  exception  of  sum- 
mer tillage,  there  is  little  variation  among  the  average  yields  by  all 
the  different  methods  under  trial.  Listing  has  produced  the  smallest 
quantity  of  stover,  but  this  is  of  no  great  importance,  as  high  grain 
yields  are  preferred  to  high  stover  yields.  Four  years  out  of  the 
six  milo  after  milo  by  spring  plowing  has  given  heavier  yields  than 
milo  after  milo  by  fall  plowing,  and  one  year  out  of  three  it  has 
exceeded  the  yield  on  summer-tilled  land.  It  is  hardly  fair  to  com- 
pare the  practice  of  summer  tillage  at  this  station  with  other  tillage 
methods,  as  it  has  been  under  trial  only  three  years.  In  1913,  when 
because  of  the  extreme  drought  all  other  methods  failed,  even  to  set 


Digiti 


zed  by  Google 


CORN,  MILO,  AND  KAFIE  IN  THE  GREAT  PLAINS  AREA. 


15 


heads,  milo  on  summer-tilled  land  made  a  yield  of  grain,  which  waa 
destroyed  by  birds,  estimated  at  10  to  15  bushels  to  the  acre. 

Table  IX. — Summary  of  yields  and  digest  of  the  cost  of  production  of  milo  by 
different  tillage  methods  and  crop  sequences  at  Amarillo,  Tex,,  1907  to  1914, 
inclusive. 


Fall  plowed. 

Spring  plowed 

T  le4A# 

1  .««. 

Yields,  values,  etc. 
(average  per  acre). 

After  mllo 
(iplat). 

After  small 
grain  (2  plats). 

after  mUo 
(1  plat). 

miIo(2plats).i 

(Iplat). 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

stover. 

Grain. 

stover. 

YfeWs  tor  the  year: 
1907 

Biuk. 

21.6 

32.8 

.9 

Lbs. 
4,170 
3,280 
1,740 

Bfuh. 
27.9 
46.5 
10.1 

Lbs. 
4,175 
4,590 
2,962 

Bush. 
18.1 
40.3 
2.6 

Lbs. 
2,560 
3,500 
2,045 

Bush. 
31.7 
37.9 
10.9 

Lbs. 
3,810 
3,250 
2,318 

Bush. 

Us. 

1908 

1909 

1910« 

1911 

31.4 
27.4 
0 
29.0 

4,350 

2,760 

130 

4,010 

26.5 
26.7 
0 
24.6 

3,698 

3,050 

715 

3,810 

35.4 
33.5 

1?.6 

3,500 

3  290 

440 

3,060 

17.4 
25.4 
0 
23.3 

2,010 

2,515 

410 

1,880 

1912 

24,1 
0 
27. 

3,570 
2,000 
4,820 

1913 

1914 

Average 

20.4 

2,920 

23.2 

3,286 

21.1 

2,626 

20.9 

2,313 

17.1 

3,463 

Crop  value,  cost , etc. : 
ATalue 

8.16 

R  M 

9.28 

A  R7 

8.44 

a  'i.R 

8.36 

A  fa 

6.84 

A  (n 

Total  value 

Cost 

$14.00 
7.44 

$15.85 
7.44 

$13.60 
7.06 

$12.99 

5.93 

$13.77 
12.31 

Profit 

^RR 

8-41        1           A.  m 

7.  OR 

1.46 

1  Only  one  listed  plat  used  until  1912. 


^Station  site  changed  in  1910;  yields  not  used. 


A  comparison  of  the  yields  secured  at  Amarillo  and  Dalhart  is  of 
interest,  because  the  two  stations  are  only  90  miles  apart,  but  they 
are  located  on  altogether  different  types  of  soil.  The  Dalhart  sta- 
tion has  an  average  annual  rainfall  of  15.92  inches  and  is  located  on 
a  sandy-loam  soil,  while  the  Amarillo  station  has  a  yearly  precipi- 
tation of  20.95  inches  and  is  located  on  a  heavy,  silty  clay  loam. 
Judging  from  the  average  rainfall,  the  yields  at  Amarillo  should  be 
greater  than  at  Dalhart.  The  records  show,  however,  that  better 
average  yields  have  been  produced  at  Dalhart.  This  probably  is  due 
to  the  ability  of  the  sandy  soil  at  Dalhart  to  absorb  a  larger  per- 
centage of  the  annual  rainfall. 

KAFIR  AT  GARDEN   CITY. 

Kafir  has  been  grown  for  six  consecutive  years  at  Garden  City, 
Kans.  The  first  crop  was  produced  in  1909.  With  the  exception  of 
the  year  1914,  four  different  methods  of  seed-bed  preparation  and 
cultivation  have  been  imder  study.  In  1914  the  growth  of  kafir  after 
small  grain  was  discontinued  because  of  the  repeated  failures  of  the 
small-grain  crop.  During  the  six  years  that  kafir  has  been  grown 
at  this  station  it  has  not  produced  a  grain  yield  of  any  value  except 
in  1912,  when  all  methods  gave  good  yields.     The  best  yield  was 
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27.8  bushels  per  acre  on  fall-plowed  land  following  small  grain. 
Kafir  following  small  grain  has,  on  the  average,  given  slightly  better 
yields  of  both  grain  and  fodder  than  it  has  following  kafir.  These 
higher  yields  have  doubtless  been  due  to  the  repeated  failure  of  the 
small-grain  crop,  which  has  left  the  ground  partly  summer  tilled. 
There  has  l)een  very  little  ditt'erence  in  the  average  grain  yield  by  the 
different  methods  under  study.  From  no  method  has  this  average 
yield  been  sufficient  to  cover  the  cost  of  its  production.  All  methods 
have  produced  four  good  crops  of  forage.  The  average  yield  of  fod- 
der after  fall  plowing  is  above  the  average  of  any  other  method. 
The  next  highest  yield  has  been  after  fall  plowing  following  kafir. 

Without  exception  the  value  of  the  forage  has  exceeded  the  value 
of  the  grain  ixroduced  under  all  methods  studied.  Kafir  after  kafir 
on  spring-plowed  land  has  shown  the  lowest  margin  of  profit,  viz, 
64  cents  per  acre.  The  greatest  net  profit  per  acre  has  been  secured 
by  growing  kafir  after  small  grain  on  fall-plowed  land.  The  profit 
by  this  method  is  $3.78  per  acre.  The  margin  of  profit  from  all 
methods  has  been  small  and,  on  the  average,  much  lower  than  at 
Dalhart  or  ^Vmarillo. 

Table  X. — Summary  of  yields  and  digest  of  the  eont  of  production  of  kafir  by 
different  tiUage  methods  and  crop  nequenees  at  Garden  City,  Kans.,  1909  to 
lOlIf,  inelumve. 


Fall  plowed. 

Spring 

Dlowed 

Yields,  values,  etc.  (average 
per  acre). 

After  kafir 
(iplat). 

After  small 
grain  (2  plats). 

after  kafir 
(Iplat). 

kafir  (iplat). 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

yields  for  the  year: 

1909 

Bush. 
0 

5.0 
0 

27.8 
0 
G.7 

Lbs. 

5,200 

3,880 

OHO 
5,970 

440 
3,340 

Bush. 

0 

9.6 

0 
25.1 

0 
(») 

Lbs. 
5,780 
0,800 
1,.390 
5,745 
1.430 
(0 

Bush. 
0 

2.2 
0 

22.5 
0 
3  7 

Lbs. 

4,310 

3,550 

580 
5,400 

680 

9  OAfi 

Bush. 
0 

r 

20.6 
0 

4,400 

3,820 

580 

1910 

1911 

1912 

5,805 
300 

1913 

1914 

3.8  ;     2,730 

Average 

G  6 

2  rr.o 

6.0 

4,2:9 

4.7  1    2,910 

4  5  1      9  Q43 

Crop  vTilue,  cost,  etc.: 

Value 

$2.64  1    $0.52 

$2  76 

tH  d(\ 

$1.88  1    $5.82 

$1  80 

Total  value 

$9.10 
7.44 

$11.22 

7.44 

$7.70 

7.06 

$7.69 
5  93 

Cost 

Profit 

1   75 

3  7H 

Ai 

1  7fi 

1  Discontinued  in  1914. 


A  rotation  of  small  grain  and  kafir  is  impracticable  on  account  of 
the  failure  of  small  grain.  Sunmier  tillage  should,  therefore,  be 
given  a  thorough  trial,  as  it  may  prove  to  be  the  most  profitable 
method.  Experiments  have  been  started  to  determine  the  most  prac- 
tical application  of  sunmier  tillage  for  the  growing  of  kafir. 
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KAFIR  AT  DALHART. 

Kafir  has  been  grown  at  Dalhart,  Tex.,  for  six  years.  During  this 
time  five  diflFerent  methods  of  seed-bed  preparation  and  cultivation 
have  been  under  study.^  Kafir  after  small  grain  on  fall-plowed  land 
was  discontinued  in  1914,  on  account  of  the  impracticability  of  grow- 
ing small  grain.  The  results  obtained  during  this  study  have  on 
the  whole  been  very  satisfactory.  The  yields,  and  consequently  the 
profits,  obtained  here  are  higher  than  at  the  other  stations  under 
study.  There  is  ^Iso  a  wider  range  in  the  results  obtained  with  the 
different  cultural  methods  used,  which  would  indicate  that  cultiva- 
tion here  is  of  more  importance  than  at  Garden  City,  Kans.,  or  at 
Amarillo,  Tex.  The  largest  average  net  profit  obtained  was  from 
the  crop  grown  on  land  summer  tilled  the  preceding  year,  amounting 
to  $20.11  per  acre.  The  method  showing  the  least  profit  is  that  of 
fall  plowing  following  small  grain.  The  profit  by  this  method  was 
only  $2.90,  which  is  considerably  below  the  average  of  the  other 
methods  used. 

It  is  possible  that  the  low  profits  shown  by  this  method  are  due 
to  the  difficulty  of  securing  a  stand  and  to  the  fact  that  the  small 
grains  leave  the  soil  very  dry.  Listing  after  kafir  has  given  a  net 
yield  of  $12.04  per  acre,  which  is  considerably  higher  than  by  any 
other  method  except  summer  tillage.  Kafir  after  kafir  on  fall- 
plowed  land  has  given  an  increased  profit  of  $1.43  per  acre  over 
kafir  following  kafir  on  spring-plowed  land. 

After  both  listing  and  summer  tillage  the  value  of  the  grain  crop 
alone  has  been  sufficient  to  pay  the  cost  of  production.  Under  all 
methods  the  value  of  the  forage  has  exceeded  that  of  the  grain. 

Table  XI- — Summary  of  yields  and  digest  of  the  cost  of  production  of  kafir  by 
different  tillage  mctfiods  an4  crop  sequences  at  Dalhart,  Tex.y  1909  to  1914^ 
inclusive. 


Fall  plowed. 

Spring 

plowed 

n...v.i»A. 

TMds,  values,  etc. 
(average  per  acre). 

After  kafir 
(1  plat). 

After  small  grain 
(2  plats). 

after  Icaflr 
(1  plat). 

(1  plat). 

(1  plat). 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

Yidds  for  the  year: 
1909 

BU8h. 

0 
30 

9.3 

0 

0 
44 

Lbt. 
4,020 
10,140 
2,890 
6,600 
1,800 
7,760 

BU9k. 

0 
17.9 

0 

6.6 

0 
(0 

Lbs. 
2,550 
9,075 
1,530 
4,625 
3,370 
6) 

Bush. 
0 

18.7 

g 

0 
39.2 

Lbs. 

6,250 

8,420 

1,550 

6,000 

2,400 

7,100 

Bush. 

0 
65 
19.2 

9.7 

0 
17.3 

Lbs. 
6,500 
12,2i0 
6,900 
3,950 
750 
5,260 

Bush. 
0 

75.6 
22.5 
29.8 
20.8 
37.8 

Lbs. 
9,310 

1910 

18,310 

1911 

10,600 

1912 

9,500 

1913 

6,000 

1914 

6,230 

Average 

13.9 

6,352 

4.7 

4,230 

9.7 

6,287 

16.9 

6,605 

31.1 

9,992 

Oopyalne,  cost,  etc: 

15.56 

$10.70 

$1.88 

S8.4A 

$3.8S 

$10. 57 

$6.76 

$11.21 

$12.44 

$19.98 

Total  value 

Cost 

116.26 
7.44 

$10.34 
7.44 

$14.45 
7.06 

$17.97 
6.93 

$32.42 
12.31 

Profit 

8.82 

2.90 

7.39 

12.04 

20.11 

1  Discontinued  in  1914. 
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KAFIR  AT  AMARILLO. 

The  results  of  seven  years  with  kafir  at  Amarillo,  Tex.,  are  avail- 
able. During  this  time  only  two  complete  grain  failures  have  been 
recorded.  While  the  net  profits  shown  at  Amarillo  are  not  as  large 
on  the  average  as  those  obtained  at  Dalhart,  Tex.,  they  are  consider- 
ably above  those  at  Garden  City,  Kans.  Kafir  after  summer  tillage 
is  the  only  method  that  shows  a  loss,  but,  as  this  method  has  been 
carried  on  for  only  three  years,  it  is  possible  that  this  loss  does  not 
represent  what  might  reasonably  be  expected  by  this  method  if  it 
were  tested  for  a  longer  time.  The  value  of  kafir  following  kafir 
on  fall-plowed  land  exceeds  that  of  kafir  after  kafir  on  spring-plowed 
land  by  $1.26  per  acre.  The  largest  profit  by  any  method  used  has 
been  obtained  with  kafir  after  small  grain.  For  the  seven  years 
under  study  this  method  shows  an  average  profit  of  $8.21  per  acre. 

Table  XII. — ^umm<iry  of  yields  and  digest  of  the  cost  of  production  of  kafir  by 
different  tillage  methods  and  crop  sequences  at  Amarillo,  Tex,,  1901  to  1914f 
inclusive. 


Fall  plowed. 

Spring 

plowed 

Listed  after 

..  *ji%..^ 

Yields,  values,  etc. 

(average  jxir 

acre). 

After  kafir 
(1  plat).^ 

After  small 
grain  (2  plats). 

aft/rltafir 
(iplat). 

kafir 
(2plats).» 

(iplat). 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stover. 

Grain. 

Stovw. 

Yields  for  the  year: 
1907 

Bwfh. 

13.3 

30.8 

1.4 

Lbs. 

7,040 
5,3(J0 
1,513 

Bush. 

16.7 

38.4 

4.6 

Lbs. 
7,3,55 
7,020 
3,908 

Bush. 

10.7 

29.2 

1.6 

Lbs. 

4,630 
4,820 
2,026 

Bush. 
11.8 
27.2 
5.3 

Lbs. 
4,730 
4,940 
2,684 

Bush. 

Lbs. 

1908 

1909        

1910' 

1911       

21.8 

0 

0 
12.0 

7,280 

6,660 

170 

3,940 

18.9 
0 
0 
6.9 

8,310 

6,020 

765 

4,340 

21.7 
0 
0 
8.3 

4,360 

6,870 

280 

3,790 

8.0 
0 
0 
12.6 

1,600 

620 
2,760 

1912 

0 
0 
7.0 

6,160 

1913 

2,340 

1914 

4,880 

Average 

11.3 

4,423 

12.2 

6,387 

10.2 

3,824 

9.3 

3,307 

2.3 

4,427 

Crop  value, cost, etc.: 
Value 

<4.52      98.85 

$4.88 

110. 77 

$4.08 

$7.65 

$3.72 

S6.41 

$0.92 

$8.85 

Total  value 

Ck)st... 

$13.37 
7.44 

$15.65 
7.44 

$?1.73 
7.06 

$10. 13 
6.9! 

$8.77 
12.31 

Profit  or  loss.. 

5.93 

8.21 

4.67 

4.20 

-2.64 

»  Only  one  plat  used  until  1912. 


*  Station  site  chauged  in  1910;  yields  not  used. 


GENERAL  DISCUSSION. 

With  the  exception  of  the  rainfall,  which  is  less  at  Dalhart,  Tex,, 
than  at  Garden  City,  Kans.,  and  Amarillo,  Tex.,  the  climatic  condi- 
tions at  the  three  stations  under  study  are  very  similar.  The  soils 
of  the  three  stations  are  of  diflFerent  types,  but  they  are  fairly  repre- 
sentative of  the  more  important  agricultural  types  of  soil  to  be  found 
in  the  southern  Great  Plains  area. 
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Experimental  work  w.as  started  one  year  earlier  at  Amarillo  than 
at  the  othet-  stations.  Aside  from  this  it  has  been  carried  on  during 
the  same  years  at  each  of  the  stations. 

Summer  tillage  for  milo  and  kafir  has  only  recently  been  put  under 
trial  at  Garden  City.  With  this  exception  the  same  cultural  methods 
have  been  used  at  each  place.  Small  grains  in  this  area  have  given 
generally  luisatisf  actory  returns,  although  they  have  been  much  bet- 
ter at  Amarillo  than  at  either  of  the  other  two  stations. 

Saccharine  sorghums  have  proved  well  adapted  to  conditions  in 
the  southern  Great  Plains  area  and  usually  have  given  good  yields. 
The  same  cultural  work  has  not  been  done  with  them  as  with  the 
other  crops.  In  general  they  may  be  expected  to  show  about  the 
same  response  to  cultural  conditions  as  is  shown  "by  the  grain 
sorghimis,  for  which  results  are  here  reported. 

The  results  of  this  work  show  that  com  can  be  depended  upon  to 
produce  good  crops  of  feed  in  this  section.  It  does  not,  however, 
produce  as  big  a  tonnage  of  feed  as  kafir  and  is  not  as  reliable  as 
either  kafir  or  milo  in  the  production  of  grain.  In  trials  covering 
six  years  at  Garden  City  it  has  failed  to  produce  a  grain  crop  by 
any  method.  At  Dalhart  it  has  produced  good  crops  of  grain  in 
three  of  the  six  years  that  it  has  been  under  trial.  At  Amarillo  it 
has  made  but  one  creditable  grain  crop  in  seven  years.  Because  of 
its  comparatively  poorer  adaptation  to  conditions,  it  does  not  show 
relatively  as  great  a  response  to  cultural  practices  as  does  either  kafir 
or  milo. 

Both  milo  and  kafir  have  given  higher  average  yields  than  com  at 
all  of  the  stations.  They  have  also  been  safer  crops,  having  made 
crops  of  grain  in  some  years  when  com  did  not.  They  have  also 
been  more  responsive  to  cultural  operations,  thus  proving  their  bet- 
ter adrptation  to  conditions.  On  the  sandy  lands  of  this  area  com 
mil^es  a  bett3r  showing  in  comparison  with  these  crops  than  it  does 
on  the  Ji3avy,  "tight  lands,"  on  which  com  has  little  place  in  this 
sectior.  Wliin  a  comparison  is  made  between  milo  and  kafir  it  is 
seen  that  milo  has  given  the  better  yields  of  grain  and  that  kafir  has 
given  the  better  yields  of  roughage.  Kafir,  however,  has  shown  a 
somewhat  greater  response  to  methods  that,  like  summer  tillage,  in- 
crease the  yields.  When  equal  values  are  assigned  to  the  grain  and 
to  the  roughage  from  each  of  the  crops,  the  total  return  is  generally 
about  the  same  from  each.  At  Garden  City  the  grain  crop  alone  has 
not  been  sufficient  to  pay  for  the  cost  of  production.  At  Dalhart 
both  crops  have  produced  sufficient  grain  by  all  methods  to  pay  a 
profit.  At  Amarillo  milo  has  returned  a  profit  from  the  grain  alone 
by  some  methods.  The  crop  of  kafir  grain  at  Amarillo  was  not  suffi- 
cient by  any  method  to  pay  the  cost  of  producing  the  crop. 
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AVhen  a  value,  believed  to  be  a  conservative  one,  is  assigned  to  the 
fodder,  both  crops  show  a  profit  from  nearly  all  methods  under  trial 
at  all  the  stations.  The  only  two  exceptions  are  milo  following  inilo 
by  spring  plowing  at  Garden  City  and  kafir  following  simimer  tillage 
at  Amarillo,  where  the  summer  tillage  method  has  beenon  trial  for 
only  three  years,  all  of  which  have  been  relatively  unfavorable. 

The  most  important  results  of  the  investigations,  of  which  this  is 
a  partial  report,  are  the  demonstrations  that  this  region  is  not 
adapted  to  the  successful  growth  of  small-grain  crops,  but  that  it  is 
well  adapted  to  forage  crops  and  to  certain  types  of  grain  sorghiuns 
when  proper  methods  of  tillage  and  crop  sequence  are  practiced. 
This  means  that  this  region  is  undoubtedly  destined  again  to  be- 
come an  important  stock-producing  section.  It  yet  remains  to  be 
det(Mmined  what  classes  of  live-stock  enterprises  offer  the  greatest 
opportunities  to  the  small  farmers  who  have  taken  the  place  of  the 
stockmen  who  formerly  conducted  an  extensive  and  profitable  busi- 
ness on  the  open  ranges.  It  is  certain  that  live  stock  of  some  kind 
must  be  grown  to  consume  the  forage  and  grain  crops  which  can 
and  will  be  grown  in  this  region  in  enormously  increasing  quanti- 
ties as  its  agricultural  possibilities  become  better  understood. 

Although  these  investigations  have  so  far  demonstrated  that  but 
few  crops  have  proved  successful  when  grown  by  certain  methods,  it 
must  not  be  understood  that  the  limit  has  been  reached  either  in 
crops  or  methods.  On  the  contrary,  these  experiments  tend  to  show 
that  other  crops  and  other  methods  may  be  developed  which  will 
produce  even  better  results. 

These  investigations  are  being  developed  and  modified  to  meet  the 
requirements  and  the  agricultural  resources  of  the  southern  Great 
riains  area.  The  problem  of  utilizing  the  forage  and  grain  crops 
for  the  production  of  livf-stock  products  is  now  of  vital  importance, 
and  with  its  solution  the  agricultural  resources  of  this  region  will  be 
materially  increased. 
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CONE  BEETLES:  INJURY  TO  SUGAR  PINE  AND 
WESTERN  YELLOW  PINE. 

By  John  M.  Miller, 
Bntomoloffical  Assistant ,  Forest  Insect  Investigations, 

INTRODUCnON. 

A  class  of  damage  which  has  been  termed  "  blighted  cones  ^  occnrs 
frequently  in  the  seed  crops  of  sugar  pine  throughout  its  range  in 
California  and  Oregon  and  of  western  yellow  pine  in  the  Pacific 
coast  and  southern  Rocky  Mountain  regions.  This  damage  is  dis- 
tinguished by  the  dying  of  the  immature  cones  soon  after  the  start- 
ing of  the  second  year's  growth.  The  dead  blighted  cones,  which 
are  less  than  one-half  the  size  of  normal  cones,  are  withered  and 
faded  to  a  reddish  brown.  The  blighted  sugar-pine  cones  fall  to  the 
ground  during  the  first  summer,  whereas  the  blighted  yellow-pine 
cones  may  adhere  to  the  branches  for  several  years. 

INSECTS  CAUSING  DAMAGE. 

The  greater  part  of  this  damage^  is  caused  by  small  scolytid 
beetles,  which  have  been  identified  by  Dr.  A.  D.  Hopkins,  of  the 
Bureau  of  Entomology,  as  Conophthorus  spp.  The  common  name  of 
^  cone  beetles  ^  seems  most  appropriate  for  these  insects,  as  their  life 
history  and  the  damage  caused  by  them  relate  entirely  to  the  cones 
of  the  host  trees. 

The  adults  are  small,  black,  cylindrical  beetles,  from  3  to  4  mm. 
in  length.  The  adult  beetle  bores  a  small  tunnel  through  the  axis 
of  the  cone,  wherein  the  eggs  are  deposited.  The  larvae,  tiny  white 
grubs  from  3.5  to  4.5  mm.  in  length  when  full  grown,  feed  upon  the 
scales,  seeds,  and  tissues  of  the  withering  cone. 

The  pupae,  which  differ  but  little  in  size  and  color  from  the  larvae 
but  possess  the  form  of  the  adult,  are  formed  within  the  same  cone 

"The  caterplllan  of  certain  cone  moths  also  kill  immature  second-year  yellow-pine 
cooes,  in  sach  a  way  that  the  damage  resembles  the  work  of  the  cone  beetle,  but  this 
damage  may  be  readily  recognized  by  the  character  of  the  attack.  In  the  areas  observed 
by  the  writer  the  cone  worms  cause  less  than  10  per  cent  of  the  blighted  cones. 

NoTB. — This  bulletin  Is  the  result  of  field  observations  made  in  Oregon  and  California. 
It  is  suitable  for  distribution  on  the  Pacific  coast 
92232'*— Bull.  243—15 
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in  which  the  larvse  develop.    The  brood  of  new  adults  is  also  formed 
in  the  same  cone,  and  here  the  adults  overwinter. 

THE  SUGAR-PINE  CONE  BEETLE, 

{Conophthorus  lamhertianae  Hopk.) 
SEASONAL  mSTORT. 

Frequent  observations  in  the  field  were  made  during  the  season 
of  1914  in  the  vicinity  of  Ashland  and  Colestin,  Oreg.,  and  near  Hilt, 
Cal.,  at  elevations  ran^ng  from  3,800  to  4,200  feet.  The  area  near 
Hilt  was  located  where  the  timber-felling  operations  of  the  Cali- 
fornia Fruit  .Growers'  Supply  Association  were  conducted,  where 
seed-bearing  sugar-pine  trees  were  felled  daily. 

The  brood  of  adults  which  overwinters  in  the  cones  infested  dur- 
ing the  previous  spring  and  summer  emerges  the  following  spring. 
Records  kept  during  the  seasons  of  1913  and  1914  from  various  lots 
of  rearing  material  show  that  the  maximum  spring  emergence  oc- 
curs during  May  (see  Table  I,  p.  3).  Emergence  from  material 
collected  in  the  fall  and  kept  over  winter  in  the  laboratory  has  varied 
anywhere  from  April  19  to  June  13.  Emergence  from  material  col- 
lected in  the  spring  which  had  overwintered  in  the  field  and  then 
was  kept  outside  in  muslin  rearing  sacks  occurred  from  May  8  to  31. 
Frequent  examination  of  cones  in  the  field  also  showed  that  the 
emergence  is  occurring  during  this  period  and  that  it  reaches  its 
maximum  between  May  15  and  June  1.  The  first  attacks  noted  upon 
the  1913-14  cones  occurred  between  May  25  and  June  1.  Continued 
fresh  attacks  were  observed  imtil  about  June  20.  The  following 
description  covers  all  observations  regarding  the  method  of  attad 
and  subsequent  habits  of  the  beetle : 

Sugar-pine  cones  at  the  beginning  of  the  second-year  growth  arc 
about  2  to  2^  inches  long  and  are  attached  to  tiie  limb  by  a 
stalk  from  2  to  3  inches  long.  The  parent  adult  beetle  attacks  the 
cone  by  boring  into  the  stalk  of  the  cone.  The  position  of  this  ini- 
tial entrance  varies  greatly ;  usually  it  is  just  above  the  base  of  the 
cone,  but  it  may  occur  anywhere  from  the  base  of  the  cone  to  an 
inch  or  more  above.  The  wound  made  by  the  beetle  soon  produces 
a  flow  of  resin  which  gradually  accxmiulates  on  the  surface  in  the 
form  of  a  small  pitch  tube  (PL  II,  fig.  1).  After  boring  into  the 
center  of  the  stalk  the  beetle  turns  toward  the  cone  and  continues  to 
extend  its  tunnel  straight  outward  through  the  axis  of  the  cone  (PL 
II,  fig.  2).  After  it  advances  well  into  the  heart  of  the  cone  the  txm- 
nel  becomes  the  egg  gallery,  and  single  eggs  are  deposited  at  inter- 
vals in  notches  excavated  along  the  sides  of  the  burrow.  The  entire 
length  of  the  egg  gallery  is  packed  with  sawdust  Sawdust  is  also 
packed  aroimd  the  eggs  in  the  egg  notches  (PL  II,  fig.  2). 

The  rate  at  which  the  egg  gallery  is  advanced  by  the  adult  has  not 
been  definitely  determined,  as  it  is  impossible  to  determine  the 
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progress  made  by  the  adults  without  cutting  the  cone  open,  and 
when  thus  disturbed  the  adult  at  once  ceases  its  work.  However,  it 
has  been  observed  that  the  egg  gallery  has  been  extended  entirely 
through  the  small  cones  within  five  to  eight  days  after  attack.  For 
the  same  reason  the  period  of  incubation  of  the  eggs  within  the  cone 
has  not  been  definitely  determined.  In  cones  cut  open,  eggs  that 
had  apparently  just  been  deposited  incubated  in  from  two  to  four 
days. 

One  pair  of  parent  beetles  are  found  in  each  of  these  egg  galleries. 
A  series  of  specimens  collected  from  individual  cones  was  submitted 
to  Dr.  A.  D.  Hopkins,  and  from  his  determination  of  sex  it  was  found 
that  one  male  and  one  female  beetle  occupy  each  egg  gallery.  As  a 
rule  but  one  pair  of  beetles  attack  a  single  cone,  but  in  some  instances 
three  pairs  of  beetles  have  been  found  advancing  as  many  egg 
galleries  in  the  same  cone.  The  sex  of  the  parent  which  makes  the 
initial  attack  on  the  cone  and  begins  the  excavation  of  the  egg  gallery 
has  not  been  determined. 

The  immediate  effect  of  this  attack  on  the  cone  is  to  check  all 
further  growth.  Eventually  the  infested  cone  withers,  then  becomes 
dry  and  hard,  but  for  a  period  of  time  it  hangs  on  the  tree  in  a  semi- 
moist  and  souring  condition.  It  is  during  this  period  that  the  eggs 
of  the  beetle  incubate  and  the  young  larvae  develop.  The  condition 
of  the  cone  may  be  compared  to  that  of  the  cambium  of  a  pine 
which  has  been  infested  by  Dendroctonus,  and  is  in  a  fading  or  dying 
condition  while  the  larvae  of  the  new  broods  of  beetles  are  developing. 

Table  I. — Emergence  record  of  the  sugar-pine  cone  beetle  (Conophthorus  lam- 
bertianae)  in  California  and  Oregon,  1913-14, 


Hopk. 
U.S.  No. 


LocaUty. 


Date  of 
coUectioiL 


Material. 


Period  of  spring 
emergence  of  over- 
wintered adults. 


Remarks, 


11471a 

11496 
10602 

10633^2 

10633a-3 
10g3Sa-2 

lfl^-la-2 

UMSte 
10600a 


Kyburs,  Cal. 


Pino  Grande, 

Cal. 
do. 


Hflt,Cal 

AaUand,  Oieg. 

Little    Batte 
Creek,  Oreg 

HUt.Cal 

do. 

Ashland,  Oieg 
Hflt,Cal 


Apr.  11,1913 

May  11,1913 
May  26,1913 

July  11,1913 

Sept.   5,1913 

Aug.  23,1913 

Nov.  13,1913 
May     2, 1914 

Feb.  14,1914 
Mar.  18,1914 


Overwintered 
adults  in  1011-12 
cones. 

....do. 

....do. 

New  adults  In  1912- 
13c€oae8. 

....do. 

....do 

....do 

Overwintered 

adults  in  1912-13 

cones. 
....do 

....do. 


May    19-May    31, 
1913;  43  adults. 

May    14,    1913;   12 

adults. 
Emerging  May  26, 

1913. 


Jtme    4, 
adults. 


1914;    6 


Apr.  19-June4, 1914; 

16  adults. 
Apr.2&-May21,1914. 

June  2-June  13,1914 . 
May8-May31,1914. 


Mayl9,1914;ladult. 

Apr.    20-May    20, 
1914;  10  adults. 


Breeding  cage  kept 
outdoors. 

Do. 

A  considerable  per- 
centaee  of  un- 
emerged  adults 
stni  in  cones. 

Breeding  cage  kept 
in  laboratory. 
Heavy  emergence 
during  Aug.,  1913. 

Breeding  cage  kept 
in  laboratOTy. 
Do. 

Do. 
Breeding  cage  kept 
outdoors. 

Breeding  cage  kept 
in  laboratOTy. 
Do. 
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The  egg  gallery  is  usually  kept  straight  and  close  to  the  axis  of 
the  cone.  During  the  early  part  of  the  season  it  has  frequently  beai 
observed  that  in  the  small  cones,  from  2  to  4  inches  long,  the  adults 
extend  the  egg  gallery  nearly  to  the  outer  end  of  the  cone,  depositing 
four  or  five  eggs  along  its  length,  and  then  bore  out  through  the 
scales  and  emerge.  It  has  not  been  determined  whether  such  emerg- 
ing adults  attack  another  cone  or  pot,  but  it  is  reasonable  to  assume 
that  this  is  the  case.  In  the  larger  cones,  from  6  to  8  inches  long, 
which  are  attacked  later  in  the  season,  from  15  to  30  eggs  may  be 
deposited ;  and  as  this  probably  represents  the  minimum  number*  of 
eggs  deposited  by  a  pair  of  beetles,  it  is  evident  that  very  short  cones 
do  not  afford  suflBcient  length  of  egg  gallery  for  the  deposition  of  this 
number.  Consequently  a  pair  of  parent  adidts  may  extend  the  egg 
gallery  through  several  of  the  smaller  cones  before  the  egg-gallery 
capacity  of  the  cone  is  exhausted. 

As  the  attack  continues  through  the  latter  part  of  June,  the  size 
of  the  attacked  cones  keeps  increasing  imtil  the  larger  ones  are  from 
6  to  8  inches  long.  The  parent  adults  seldom  emerge  from  these 
larger  cones  and  later  in  the  season  will  be  found  dead  in  the  end  of 
the  egg  gallery.  By  the  1st  of  July  the  new  attack  is  complete.  At 
this  stage  the  infested  cones  are  from  2  to  8  inches  long,  while  the 
normal  unattacked  ones  are  from  10  to  18  inches  long.  The  blighted 
cones  are  brown  and  stand  out  conspicuously  on  the  trees.  The 
seeds  seldom  form  when  the  smaller  cones  are  attacked,  whereas  the 
seeds  of  the  larger  cones  that  are  attacked  may  reach  two-thirds 
normal  size  and  the  outer  shell  may  harden,  but  they  never  jBll  or 
mature. 

Immediately  after  hatching  the  young  larvse  begin  to  feed  upon 
the  scales  and  tissues  of  the  now  withering  cone.  They  feed  in  such 
a  manner  as  to  leave  no  distinct  lateral  larval  galleries.  If  the 
cones  are  opened  during  the  larval  period  the  small  white  grubs 
may  be  found  in  any  part  of  the  cone,  the  axis,  scales,  and  often  in 
the  tender  milky  seeds  (PL  II,  fig.  3).  The  development  of  the 
larvae  is  very  rapid.  Pupae  may  be  found  in  the  cones  within  four 
weeks  after  the  first  attack.  By  the  last  of  June  the  cones  which 
contain  pupae  are  dry,  withered,  and  reddish  brown  in  color.  At 
about  this  stage  the  dry,  withered  stalks  begin  to  break  from  the 
limbs  and  the  blighted  cones  fall  to  the  ground.  All  sugar-pine 
cones  which  are  attacked  fall  from  the  trees  before  the  close  of  the 
season  and  the  broods  complete  their  development  in  these  fallen 
«ones.  The  pupae  transform  to  new  adults,  which  begin  to  appear 
by  July  10,  and  this  transformation  continues  throughout  the  sum- 
mer, until  by  the  middle  of  August  the  majority  of  the  broods  have 
reached  the  stage  of  new  adults.  Practically  all  of  the  infested  cones 
have  fallen  by.this  time  and  the  brood  remains  in  these  cones  through 
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Figs.  1  and  2.— Sugar-Pine  Seed  Trees  on  Burned  Area  Near  Colestin,  Oreo. 

Photographs  were  made  in  July,  1914.  The  area  was  burned  in  1910,  destroying  all  younar 
growth  and  much  of  the  mature  timber.  Although  the  trees  have  put  on  several  gooa 
crops  since  that  date,  there  are  scarcely  any  sugar-pine  seedlings  on  the  area.  The  seed 
crops  have  been  repeatedly  attacked  by  the  sugar-pine  cone  beetle.    (Original.) 


FiQ.  3.— Cones  on  Ground  Under  Seed  Trees. 

The  large  opened  cones  are  normal.    The  small  cones  have  been  killed  by  the  cone  beetle. 

(Original.) 

WORK    OF    CONE    BEETLES    IN    THE    CONES    OF    SUGAR    PINE. 
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Fig.  1.— Showing  stalks  of  beetle-killed  suear-pine  cones  after  the  cones  have  fallen  from  the 
tree:  a.  Entrance  holes,  showing  small  pitch  tube  made  by  beetle.  Fio.  2. — A  beetle- 
attacked  Bugar-pine  cone  opened  to  show  tunnel  and  egg  ffallery  of  cone  beetle:  a, 
Entrace;  6.  egg  gallery;  c,  extension  of  egg  gallery  to  suriace  where  adult  emerges. 
Fio.  8.— Blighted  sugar-nine  cone  opened  to  show  developing  broods  of  cone  beetle. 
Larv'SB  and  pupce  a^  found  July  9, 191-1.  Fio.  4.— filighted  sugar-pine  cone  opened  to  show 
position  of  ovi^rwlntcring  adults  of  cone  beetle:  a,  Cone  beetle  adults.     (Original.) 

Stages  of  Cone  Beetles  in  Suqar-Pine  Cones. 
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the  remainder  of  the  summer  and  the  long  overwintering  period 
(PL  II,  fig.  4). 

The  new  adults  are  not  entirely  dormant  during  this  period,  but 
feed  to  some  extent  on  the  dead  tissue  of  the  cone,  as  is  apparent 
from  the  sawdust  borings.  The  number  of  overwintering  beetles 
which  have  been  counted  in  a  single  cone  varies  from  1  to  36.  The 
average,  however,  is  from  6  to  10. 

A  considerable  percentage  of  these  blighted  cones  will  always 
be  found  in  which  the  beetles  have  made  the  attack  and  completed 
the  egg  gallery,  but  the  larvae  have  failed  to  develop.  This  failure  of 
the  broods  is  foimd  more  often  in  the  very  small  and  in  the  largest 
cones  which  have  been  attacked.  The  most  successful  attacks  are 
found  in  the  intermediate  sized  cones  frcnn  4  to  6  inches  in  length. 
Some  of  the  larger  cones  appear  to  resist  the  beetles  by  drowning 
them  out,  as  some  trees  are  capable  of  resisting  barkbeetles.  In  every 
attack,  however,  the  cone  is  killed. 

On  certain  areas  great  mortality  to  the  new  broods  of  the  cone 
beetle,  presumably  through  the  work  of  an  entomophagous  fungus 
as  yet  not  specifically  determined,  has  been  observed.  In  many 
of  the  cones  the  brood  reaches  the  stage  of  full-grown  larvae,  pupae, 
or  even  new  adults,  and  then  dies.  On  an  area  near  Sisson,  Cal.,  in 
1913,  over  60  per  cent  of  the  cones  contained  these  dead  broods. 
On  one  area  near  Colestin,  Oreg.,  in  1914,  the  brood  developed  in 
only  57  per  cent  of  the  attacked  cones.  The  mortality  of  the  de- 
veloped broods  amounted  to  62  per  cent,  so  the  broods  were  finally 
successful  in  but  21.6  per  cent  of  the  cones  attacked.  The  cause  of 
this  has  not  been  determined  and  will  require  further  study  before 
conclusions  can  be  drawn,  although  material  illustrating  the  mortal- 
ity of  broods  was  sent  in  during  the  summer  of  1914  and  referred 
to  the  Bureau  of  Plant  Industry.  While  it  appeared  to  be  an  en- 
tomophagous fungus  it  has  not  yet  been  reported  definitely.  Few 
parasites  of  this  cone  beetle  have  been  found. 

All  evidence  points  to  the  existence  of  but  one  generation  of  this 
species  annually.  The  broods  develop  successfully  only  in  the  imma- 
ture cones  between  2^  and  8  inches  in  length.  The  period  during 
which  the  cones  may  be  found  in  this  stage  is  so  short  that  it  allows 
for  the  development  of  one  generation  only.  In  August,  1913,  an 
emergence  of  a  considerable  portion  of  the  new  generation  of  beetles 
was  noted  in  northern  Ciilifornia  and  southern  Oregon.  No  subse- 
quent attacks  were  observed  on  the  nearly  mature  cones  of  the 
1913-14  crop  or  upon  the  newly  formed  1913-14  cones.  No  similar 
emergence  was  observed  in  1912  or  1914,  and  the  only  explanation 
that  can  be  given  for  the  1913  emergence  was  that  it  was  abnormal, 
probably  due  to  the  imusual  wet- weather  conditions  of  that  season. 
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The  actual  amount  of  loss  to  sugar-pine  seed  crops  from  this 
source  is  not  easily  estimated.  Even  though  a  great  portion  of  the 
crop  may  be  killed,  the  seriousness  of  the  loss  depends  upon  local 
factors,  such  as  the  desirability  of  reproduction  by  the  natural  re- 
seeding  of  the  infested  areas  or  the  demand  for  seed  by  local  seed 
collectors.  A  number  of  observations  have  been  made  from  1912 
to  1914  in  the  vicinity  of  Ashland,  Grants  Pass,  and  Colestin,  Oreg., 
and  in  California  on  the  Klamath,  Shasta,  Trinity,  California, 
Plumas,  Sierra,  and  Sequoia  National  Forests  and  in  the  Yoseniite 
and  General  Grant  National  Parks.  These  observations  indicate 
that  the  sugar-pine  cone  beetle  is  distributed  throughout  the  range 
of  the  sugar  pine,  killing  a  varying  percentage  of  the  cone  crops. 
In  some  places  no  appreciable  damage  is  foimd,  while  in  others  over 
90  per  cent  of  the  ccmes  are  killed  by  this  insect.  Apparently, 
through  a  period  of  years,  local  outbreaks  may  occur  in  well-defined 
centers  of  infestation  anywhere  throughout  the  range. 

RELATION  OF  CONE-REETLE  DAMAGE  TO  THAT  OF  SQUIRRELS. 

The  beetle-killed  cones  fall  during  a  part  of  the  period  in  which 
the  sugar-pine  cones  are  cut  by  squirrels.  As  these  rodents  are  the 
cause  of  the  cutting  and  falling  of  a  great  part  of  the  cone  crop,  it  is 
only  natural  that  some  of  the  damage  caused  by  the  cone  beetle 
should  have  been  attributed  to  the  squirrel.  For  this  reason  con- 
siderable attention  was  given  to  a  study  of  the  comparative  damage 
during  the  season  of  1914  from  these  two  causes. 

The  first  cutting  of  the  cones  by  squirrels  in  1914  was  noted  on 
June  25  near  Butte  Falls,  Oreg.,  and  later  in  July  at  Colestin,  Oreg. 
Extensive  cutting  by  the  rodents  did  not  begin  until  the  middle  of 
July,  and  they  were  active  from  then  imtil  the  end  of  summer.  Two 
species,  the  gray  and  the  Douglas  squirrel,  were  noted  in  connection 
with  this  damage.  Important  diflferences,  however,  readily  distin- 
guish this  damage  from  that  of  the  cone  beetle. 

1.  Squirrels  cut  the  stalk  just  above  the  cone  and  a  part  of  the  stalk 
is  left  on  the  limb.  (PL  V,  fig.  1.)  The  wound  where  the  stalk  is  cut 
may  also  show  teeth  marks  of  the  rodent.  Cones  which  fall  from 
cone-beetle  attack  have  the  entire  stalk  attached  to  the  cone.  There 
are  no  teeth  marks;  a  small  resinous  pitch  tube  is  usually  found  on 
the  stalk.    (PI.  II,  fig.  1.) 

2.  Cones  cut  by  squirrels  are  usually  eaten  or  cached  by  them. 
Beetle-killed  cones  are  allowed  to  lie  on  the  ground  where  they  fall 
and  are  unmolested  by  the  squirrels. 

3.  The  majority  of  the  sugar-pine  cones  cut  by  the  squirrels  are 
10  inches  or  more  in  length  and  the  seeds  usually  full  size,  although 
they  may  still  be  soft  and  milky.  The  majority  of  the  beetle-killed 
cones  are  less  than  8  inches ;  some  of  them  not  over  2J  inches.  By  the 
time  the  cones  fall  the  seeds  are  blighted  or  hollow. 
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In  order  to  obtain  definite  figures  on  the  comparative  damage  from 
these  two  sources,  two  localities  were  selected  in  southern  Oregon 
where  the  1913-14  crop  of  cones  was  fairly  good.  A  number  of  trees 
were  selected  which  were  so  situated  that  the  cones  falling  from  them 
would  not  become  confused  with  those  falling  from  other  trees.  A 
record  was  made  at  intervals  of  the  good  cones  and  of  those  infested 
by  the  beetle  or  cut  by  squirrels.    The  results  are  shown  in  Table  II. 

Table  II. — Comparative  loss  to  angar-pine  cone  crop  of  J 914  caused  by  the  cone 

beetle  and  squirrels, 

AREA  NO.  1,  NEAR  COLE8TIN,  OREG.  RECORD  OF  COUNT  ON  FIVE  TREES. 


Cones 

ou  trees. 

Cones  on  ground. » 

^ 

nT      Date. 

Good. 

Beetle  at- 

Beetle 

Squirrel 

i 

tacked. 

killed. 

cut. 

1 

July   18 

0 

3 

51 

2 

July  29 

0 

0 

54 

2 

Aug.    8 

0 

0 

54 

2 

Aug.  21 

0 

0 

51 

2 

2 

July   18 

1 

5 

17 

1 

July  29 

1 

0 

22 

1 

Aug.    8 

1 

0 

22 

1- 

Aug.  21 

1 

0 

22 

1 

3 

July   18 

8 

13 

27 

14 

July  29 

0 

2 

38 

22 

Aug.    8 

0 

2 

38 

22 

Aug.  21 

0 

0 

40 

22 

4 

July   18 

18 

10 

31 

0 

July  29 

8 

0 

41 

8 

Aug.    8 

5 

0 

41 

11 

Aug.  21 

0 

0 

41 

18 

6 

July   18 

8 

C8 

83 

0 

July  29 

6 

33 

115 

2 

Aug.    8 

4 

4 

147 

4 

Aug.  21 

1 

0 

151 

7 

AREA  NO.  2,  NEAR  ASHLAND,  OREG.  RECORD  OF  COUNT  ON  THREE  TREES. 


1 

Apr.  30 

33 

0 

0 

«0 

Aug.  11 

1 

0 

0 

32 

Aug.  27 

0 

0 

0 

33 

2 

Apr.  30 

14 

0 

0 

«0 

Aug.  11 

10 

0 

2 

1 

Aug.  27 

3 

0 

2 

8 

3 

Apr.  30 

68 

0 

0 

«0 

Aug.  11 

65 

1 

0 

2 

Aug.  27 

20 

1 

0 

47 

1  ThB  beetle-kiUed  and  squJrrel-cut  cones  found  under  the  trees  on  the  first  date  were  collected  and  put 
together  in  aj^.  Those  found  on  the  following  dates  were  collected  and  added  to  these:  so  that,  in  the 
above  table,  the  number  of  cones  on  the  ground  at  each  date  represents  the  total  number  found  up  to  and 
including  that  date. 

*  Cones  about  one-fourth  grown. 

This  table  shows  fairly  well  the  period  and  rate  of  falling  of  the 
beetle-infested  cones.    It  also  shows  the  gi-eat  variation  in  the  damage. 

On  area  1  about  85  per  cent  of  the  cones  were  destroyed  by  the 
beetles,  while  on  area  2  the  attack  of  the  cone  beetle  was  so  slight  as 
to  be  almost  negligible. 

The  damage  by  the  cone  beetle  was  therefore  practically  accom- 
plished before  that  by  squirrels  was  started.     On  area  1  this  re- 
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duced  the  food  supply  of  the  squirrels,  so  that  by  the  middle  of  July, 
when  the  serious  cutting  by  the  squirrels  began,  there  was  very  little 
of  the  crop  left  for  them. 

Many  large  sugar  pines  standing  on  prominent  ridges  where  they 
could  easily  seed  several  acres  of  the  slopes  below  have  failed  to 
accomplish  this  result.  One  area  which  the  author  has  studied  closely 
is  situated  just  above  Colestin,  Oreg.,  where  a  heavy  fire  in  1910 
killed  most  of  the  timber  on  several  sections,  although  a  number  of 
large  seed-producing  sugar-pine  tree&  distributed  over  the  area 
were  but  little  injured.  (PI.  I,  figs.  1,  2.)  However,  in  1914  scarcely 
any  sugar-pine  seedlings  could  be  found  near  these  trees.  Evidence 
that  this  area  has  been  heavily  infested  by  the  cone  beetle  since  the 
fire  is  plentiful,  and  in  1914  it  destroyed  75  per  cent  of  the  crop,  the 
squirrels  completing  the  damage  as  shown  in  Table  II  under  area  1. 

Either  the  cone  beetle  or  squirrels,  but  more  probably  a  combina- 
tion of  the  two,  is  responsible  for  the  absence  of  satisfactory  repro- 
duction in  situations  where  it  is  much  needed. 

THE  WESTERN  YELLOW-PINE  CONE  BEETLE. 

{Conophthorus  ponderosae  Hopk.) 

The  general  life  cycle  of  the  cone-beetle  broods  in  yellow  pine  does 
not  differ  in  any  important  respect  from  that  in  sugar  pine.  The 
first  attack  on  second-year  cones  has  been  noted  to  occur  from  two 
to  three  weeks  earlier.  The  period  of  maximum  emergence  oocurDed 
from  May  1  to  15  on  two  small  lots  observed.  Close  observations  on 
the  period  of  attack  and  development  in  this  host  were  made  near 
Ashland  at  elevations  from  1,800  to  2,200  feet.  This  is  from  1,500 
to  2,000  feet  lower  than  the  elevations  at  which  similar  observations 
were  made  on  the  beetles  in  the  sugar  pine.  The  comparative  differ- 
ence in  seasonal  history  as  shown  by  these  observations  will  be  found 
in  Table  I. 

The  first  attack  of  adults  in  1914  was  noted  on  May  5,  but  the 
adults  were  only  just  starting  to  bore  into  the  cone  and  no  egg 
gallery  had  been  commenced.  From  May  10  to  June  1  continued 
fresh  attack  was  noted,  and  the  latest  fresh  attack  occurred  on  June 
10.  By  June  3  the  earliest  attacked  cones  contained  a  few  pupae 
and  were  beginning  to  turn  brown  and  wither,  so  that  they  could 
easily  be  distinguished  from  the  normal  green,  unattacked  cones. 
By  June  15  pupae  and  a  few  new  adults  were  found  in  the  cones  first 
attacked  and  very  little  fresh  attack  was  noted.  The  gradual  trans- 
formation of  the  brood  progressed  through  the  latter  part  of  June 
and  the  first  part  of  July,  and  by  July  15  new  adults  were  infesting 
practically  all  cones. 
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Pio.  1.— Yellow  pine,  showing  condition  of  normiil  and  blighted  cone  about  10  days  after  attack  by 
the  cone  beetle:  o.  Normal  cone;  6,  blij^hted  cone:  6',  entrance  hole  mufle  by  cone  beetle.  Fkj.  2.— 
Blighted  yellow-pine  cone  with  part  oi  base  removed  to  show  form  of  girdle  made  by  the  initial 
entrance  of  the  cone  beetle:  a,  Entrance;  b,  point  at  which  the  adult  turned  to  extend  the  egg 
gallery  into  the  axis  of  the  cone.  Fig.  3.— A  portion  of  yellow-pine  cone  (near  axis)  opened  to 
show  egg  gallery  of  the  cone  beetle,  enlarged:  a.  Egg  gallery,  showing  packed  sawdtist  of  beetle; 
ft.  ^Kg*.  ft  parent  adnlt  at  terminus  of  egg  gallery;  d,  immature  seeds.  Fig.  4.— Blighted  yellow-pino 
cone  with  portion  of  base  and  scales  removed  to  show  the  girdle  made  by  the  tunnel  of  the  cono 
beetle  and  general  form  of  the  egg  gallery:  a,  Entrance:  b.  egg  gallery;  c,  parent  adult.    (Original.) 

Work  of  Cone  Beetles  in  Cones  of  Yellow  p,(^byGoOQlc 
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Yhi.  1.— r>lif,'lit.ti  yellow-pine  roin-s  julhoriiiff  to  limb.  This  shows  the  position  in  which  the 
majority  of  ilie  yellow  pirn.'  coik-s  are  found.  Near  the  terminal  are  shown  three  1913-14 
cone-^,  two  of  iliem  killed  l)y  the  cone  beetle.  Further  back  on  the  limb  are  the  cones  killed 
in  li'lL'.  Fi<i. 'J.— A  wliorl  of 'four  yel]i>\v-i»ine  cones,  three  of  them  killed  by  the  cone  beetle. 
The  ujiper  eon<'  is  normal.  This  shows  the  eompiirative  si/eof  the  blighted  and  normal  cones. 
Flo.  M.— A  \illow-pine  e. me  opened  to  show  condition  of  developing  brood  of  the  cone 
beetle.  This  brood,  on  June  'io.  PJ14,  consisted  of  both  larvre  and  pupoe.  (Slightly  enlarge<i.) 
Fi<;.  1. — a.  P.liulited  eone  as  it  api»ears  in  overwintering  condition;  6.  blighted  cone  opened  to 
show.liimuged  seedsand  i>ovitiouof  overwiuterinKadult:^;  i;',  overwintering  adults.     (Original.) 

Work  of  Cone  Beetles  in  Cones  of  Yellow  Pine. 
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Fia  1 .— SuQAR-PiNE  Cones  Cut  by  SQUiRRELa 

The  lower  cone  has  been  shacked  and  the  seeds  eaten.  The  cone  In  the  center  has  been  partly 
eaten.  Kote  that  the  cones  are  cut  at  the  base  and  do  not  have  the  stalk.  Compare  this 
with  the  blighted  cones  shown  in  Plate  II,  figure  L    (Original. ) 


FiQ.  2.— Yellow-Pine  Cones  Cut  and  Eaten  by  Squirrels.   (Original.) 

SQUIRREL   DAMAGE  TO   PINE    CONES    FOR    COMPARISON   WITH   THAT 

BY    BEETLES. 
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Yellow-pine  cones  are  sessile;  that  is,  instead  of  being  attached, 
each  to  its  individual  stalk,  they  are  set  closely  to  the  limbs.  At 
the  beginning  of  the  second-year  growth  they  are  from  1  to  IJ  inches 
long.  Necessarily  the  initial  point  of  attack  must  differ  from  that 
on  sugar-pine  cones.  The  adult  enters  the  cone  by  penetrating  the 
scales  very  close  to  the  base  of  the  cone.  Sawdust  borings  may  be 
seen  on  the  surface  of  the  scales  and  quite  often  a  tiny  pitch  tube 
collects,  aroimd  the  entrance  of  the  burrow  (PI.  Ill,  fig.  16').  The 
adult  does  not  turn  directly  outward  through  the  central  axis  of 
the  cone,  but  bores  completely  around  the  axis,  forming  a  short  spiral 
tunnel  (PI.  Ill,  fig.  2).  This  spiral  twist  of  the  tunnel  before  the 
beginning  of  the  egg  gallery  is  not  noticeable  in  sugar  pine,  but  it  is 
characteristic  of  attack  in  yellow  pine.    Its  result  is  completely  to 


Pig.  1. — Comparative  life  history  of  the  sugar-pine  and  yellow-pine  cone  I)eetle8. 
piled  from  field  records.     (Original.) 


Com- 


cut  off  the  nourishment  and  insure  the  deadening  of  the  cone,  which 
produces  the  condition  necessary  for  the  development  of  the  larvae. 
After  completing  this  girdle  at  the  base  of  the  cone  the  adult  extends 
the  egg  gallery  out  through  the  central  axis  (PL  III,  fig.  3).  Ovi- 
position  (PI.  Ill,  fig.  4),  development  of  larvae  (PI.  IV,  fig.  3),  and 
transformation  from  pupae  to  adults  are  in  all  important  respects 
the  same  as  with  the  sugar-pine  cone  beetle. 

In  a  few  instances  attacks  have  been  observed  on  the  small,  first- 
year  cones  just  after  they  '^put  on."  This  seems  to  be  a  rare  habit, 
and  has  only  been  observed  where  there  is  a  great  scarcity  of  second- 
year  cones.  Eggs  are  not  deposited  and  broods  can  not  develop  in 
these  small  cones. 

Beetle-killed  yellow-pine  cones  vary  from  1  to  4  inches,  the  length, 
as  in  sugar-pine  cones„  depending  largely  on  the  stage  of  second-year 
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growth  when  attack  is  made  (PL  IV,  fig.  2).  Yellow -pine  cones^ 
however,  do  not  fall  from  the  trees,  and  after  they  turn  reddish 
brown  in  color  they  can  be  readily  distinguished  against  the  green 
foliage  (PL  IV,  fig.  1).  After  the  yellow-pine  cones  become  dried 
they  can  not  be  broken  readily  from  the  lirnl^  and  quite  often  will  be 
found  still  adhering  many  years  after  the  beetles  have  abandoned 
them.  The  seeds  may  be  formed,  but  they  are  invariably  hollow  in 
bli^ted  cones  (PL  IV,  fig.  4). 

Occasiimally  a  yellow-pine  cone  will  be  found  that  has  been  at- 
tacked by  the  beetle  in  which  the  new  brood  has  failed  to  develop. 
The  number  of  overwintering  adults  counted  in  the  cones  varied  from 
1  to  20,  the  average  being  from  5  to  8.  The  cone,  however,  is  always 
killed  and  the  damage  is  just  as  great 

The  broods  overwinter  in  the  cones  on  the  trees  and  emerge  the 
following  spring.  (PL  IV,  fig.  4.)  Adults  do  not  appear  to  remain 
entirely  dormant  during  this  period,  but  feed  to  some  extent  on  the 
dry  scales  and  seeds.  Mortality  of  the  new  broods,  to  any  extent  like 
that  in  the  sugar  pine,  has  not  been  observed.  An  examination  of 
many  infested  cones  of  the  1913-14  crop  shows  that  over  90  per  cent 
of  the  new  broods  are  alive. 

AMOUNT  OF  DAMAGB. 

The  damage  by  the  western  yellow-pine  cone  beetle  to  yellow  pine 
has  never  been  noted  to  be  as  extensive  as  that  of  the  species  working 
in  sugar  pine.  In  heavy  stands  the  loss  to  yellow  pines  is  not  so 
noticeable  as  it  is  op  open  isolated  trees.  Even  in  these  isolated  trees 
the  amount  of  damage  varies  to  a  great  extent  on  individual  trees. 
Isolated  trees  at  lower  elevations,  especially  those  bearing  heavy  cone 
crops,  suffer  most. 

Two  trees  standing  close  together  were  selected  and  the  cones 
counted  as  follows : 


Tr66 

jTjj    I    Green  cones. 


I 


1  I  515 

2  '  700 


Beetle-kiUed 
cones. 


Total. 


448    1      9e3 
65    ■      765 


hoI^'aZ"^  ^"'  ""^^  ^"^'^  «'  191*'  «t  .\shland,  Oreg.    It  shows 

EstiZJ^  Tl  '""^  ^'^^  individual  trees, 
same  factoi ^s^th  ^""""^  ^^  ^^''  ^"^  necessarily  depend  upon  the 
ever,  can  not  }Lo^^  Pertaining  to  sugar  pine.  The  damage,  ho*- 
vellow-pine  cones  JK  ^'^^  **""*  *"*  squirrels,  as  the  beetle-kilkd 
cut  and  either  en*  Z  \^  *"  *^®  *'*^'''  ^'^''e  the  squirrels  inTwaWj 
eat  or  cache  the  cones.     (PI.  V  fie-  2  ^ 


(PI.  V,  fig.  2.) 
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CONDITIONS  REQUIRING  CONTROL. 

Since  these  insects  are  not  a  menace  to  growing  timber,  their  con- 
trol by  direct  expense  is  desirable  only  where  it  is  found  to  be  se- 
riously interfering  with  the  natural  or  artificial  reproduction  of  the 
host  tree.  Under  the  conditions  of  the  mature,  well-stocked  stands 
prevalent  in  the  virgin  forests  of  the  West  it  is  very  doubtful 
whether  the  beetles  ever  interfere  with  the  required  natural  repro- 
duction to  an  extent  sufficient  to  require  artificial  methods  of  control. 
Seldom  is  the  entire  crop  killed  and  eventually  through  a  period  of 
years  sufficient  good  seed  is  produced  to  replace  the  normal  loss  of 
trees  from  lightning,  light  fires,  normal  insect  infestation,  and  over- 
maturity.  However,  conditions  are  entirely  changed  when  the 
virgin  forest  has  been  destroyed  by  timber  cutting,  fire,  or  epidemic 
insect  infestations.  Yellow  pine  and  sugar  pine  are  rated  as  two 
of  the  most  desirable  timber  species,  and  if  the  restocking  of  areas 
denuded  of  these  species  is  to  be  accomplished  by  natural  reproduc- 
tion, full  seed  crops  must  be  produced  by  the  seed  trees  left  on  or 
near  the  areas.  If  the  cone  crops  of  such  yellow  and  sugar-pine 
seed  trees  are  repeatedly  destroyed  by  the  cone  beetles,  or  if  these 
infest  them  to  such  an  extent  that  the  destruction  is  completed  by 
rodents,  then  the  required  seeding  may  be  delayed  until  the  ground 
is  usurped  by  less  valuable  tree  species.  Under  such  conditions 
measures  which  will  reduce  the  infestation  of  the  beetle  by  direct 
expense  may  in  the  end  effect  a  saving  in  the  conservation  of  the 
forest.  If  bums  or  cut-over  areas  are  restocked  by  artificial  seeding 
the  collection  of  sound,  mature  seed  is  necessary.  Again,  we  may 
find  that  the  cone  beetles  have  so  reduced  the  supply  of  cones  on 
selected  seed-collecting  sites  that  seed  can  not  be  profitably  collected. 
In  the  last  case  damage  may  be  avoided  by  intelligent  selection  of 
noninfested  seed-collecting  areas.  Or  if  the  site  is  selected  a  year 
in  advance,  the  infestation  may  be  reduced  and  most  of  the  seed 
crop  saved  by  application  of  the  remedy. 

REMEDY. 

From  the  discussion  relating  to  the  seasonal  history  of  the  insect 
it  is  obvious  that  from  the  last  of  August  until  the  following  May 
all  the  infestation  within  an  area  will  consist  of  the  broods  of  new 
adults  which  are  overwintering  within  the  blighted  cones.  It  is  evi- 
dent that  if  fallen  infested  cones  from  the  trees  which  seed  in  a 
burned  or  cut-over  area  can  be  raked  up  and  burned  between  Sep- 
tember 1  and  May  1  a  very  appreciable  reduction  of  the  infestation 
and  damage  may  result.    In  the  case  of  sugar  pine  all  infested  cones 
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will  be  found  on  the  ground  under  the  trees  during  this  period  and, 
when  the  conditions  seem  to  warrant  it,  burning  may  be  done  without 
great  expense.  September,  October,  and  November  would  be  the 
more  favorable  months  for  the  work,  as  winter  snow  and  unfavorable 
conditions  for  burning  will  probably  be  found  during  the  winter  and 
spring. 

Seed  collectors  in  locating  areas  for  collecting  may  estimate  the 
amount  of  cone-beetle  damage  on  the  trees  by  July  15 — ^in  some  situa- 
tions a  month  sooner — as  the  blighted  cones  by  that  time  begin  to 
stand  out  conspicuously  on  the  trees.  From  these  estimates  the  col- 
lector may  determine  whether  or  not  the  seed  crop  of  the  current 
year  is  too  badly  damaged  to  be  profitably  collected. 
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NAME  AND  IDENTIFICATION. 

It  is  important  to  distinguish  clearly  the  true  shortleaf  pine^  (Pinvs 
echiruUa  Mill.) — variously  known  throughout  portions  of  its  range  as 
"yellow/'  '^old  field/'  ''rosemary/'  '^two-leaf/'  ''heart/'  and  "spruce" 
pine — from  other  so-called  shortleaf  pines  of  the  Southern  States. 
Confusion  occm^  because  of  the  custom,  more  or  less  generally  pre- 
vailing throughout  the  South,  of  distinguishing  only  two  kinds  of 
pine,  shortleaf  and  longleaf .  Under  this  custom,  the  pine  most  com- 
monly included  with  shortleaf  is  loblolly  pine,^  slash  pine  being  classed 
in  similar  manner  as  longleaf  pine.  Shortleaf  is  most  readily  dis- 
tinguished from  loblolly  pine  by  means  of  differences  in  leaf  and 
cone,  described  on  page  7.  Other  pines  associated  with  short- 
leaf  are  the  smaller,  crooked-stemmed  scrub  pine  and  the  northern 
pitch  pine  which  seldom  forms  old-field  stands  and  grows  both  in 
wetter  and  colder  situations. 

1  Shortleaf  pine  was  first  described  botanically  by  Miller  in  1768.  In  1803,  the  elder  Michaux  defined 
more  fully  the  specific  characteristics  of  the  species  under  the  name  of  Pinus  mitis,  widely  circulated  in 
his  "work  on  American  forest  trees  and  largely  used  in  botanical  literature.  The  name  Pinut  eehinata,  first 
givea  to  the  tree  by  MlDer,  was  not  taken  up  by  any  author  of  note  until  the  publication  of  Sargent's  Silva, 
Vol.  XI,  in  1897,  and  by  the  accepted  rule  of  priority,  this  is  the  correct  name  of  the  species. 

^Pimutaeda,  know  locally  by  various  names,  as  "old  field,"  "shortleaf,"  "swamp,"  "bull  pine,"  etc. 

NoTB.— This  bulletin  gives  in  detail  the  life  history  of  shortleaf  pine,  known  under  various  names  through- 
out  the  South,  where  only  it  is  found  in  commercial  quantities. 
«2233*— Bull.  244—15 1 
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GEOGRAPHICAL  AND  ECONOMIC  RANGE. 

Shortleaf  pine  occurs  in  24  of  the  States.  Its  geographical  range 
includes  all  the  States  east  of  the  Mississippi  River,  -except  Wisconsin, 
Michigan,  and  New  England,  and  six  States  west  of  the  IdQssissippL 
It  extends  from  the  Hudson  River  Valley  in  New  York*  sooth 
through  all  the  Atlantic  and  Gulf  States  to  eastern  Texas  and  from 
West  Virginia  and  Ohio  southwestward  through  the  Ohio  and  Missis- 
sippi Valleys  to  Missouri,  Kansas,'  and  Oklahoma.  The  tree  is  dis- 
tributed over  more  than  440,000  square  miles.  This  is  much  laiger 
than  the  range  in  the  United  States  of  white  pine,  its  nearest  com- 
petitor among  the  pines. 

Table  1. — Comparative  dUtribiUion  of  eight  species  of  pines  having  the  largest 

within  the  United  States.^ 


Species. 


BhorUeafpine 

White  pine 

Pitch  pine 

Western  yellow  pine. 

Serabplne 

Red  pine 

Loblolly  pine 

Longleafpine 


>  Areas  derived  from  Forest  Servloe  data  on  the  eeographlo  distribution  of  pines  In  the  United  States^ 
including  approximately  the  exterior  boundary  of  the  botanical  range. 


From  sea  level  shortleaf  pine  ranges  up  to  an  altitude  of  about 
3,000  feet  in  the  southern  Appalachians.  At  or  near  sea  lev^  it 
covers  more  than  11  degrees  of  latitude,  or  about  800  miles.  In  the 
North  the  species  is  confined  nearly  to  sea  leveL  It  attains  its  best 
development  at  altitudes  of  600  to  1,500  feet  over  the  Piedmont  and 
at  400  to  1,000  feet  in  Arkansas.  In  both  these  localities  lobloDy 
pine  reaches  only  to  altitudes  of  about  500  to  600  feet,  above  vdiich 
shortleaf  is  the  only  important  southern  pine  up  to  3,000  feet  and 
the  only  conifer  except  scattering  jimiper  above  about  700  feet  in 
Arkansas,  Missouri,  and  Oklahoma. 

The  commercial  range  of  shortleaf  pine  comprises  most  of  the 
botanical  range  except  that  portion  lying  in  the  States  north  of  Vir- 
ginia and  in  the  Ohio  River  basin.  It  includes  preeminently  the 
broad  Piedmont  region  lying  between  the  Appalachians  and  the 
Atlantic  coastal  plain  from  Virginia  to  South  Carolina;  the  northern 
half  of  Georgia,  Alabama,  Mississippi,  and  Louisiana;  all  of  Arkansas; 
eastern  Oklahoma;  and  eastern  Texas.  Shortleaf  pine  is  the  only 
commercial  conifer  on  more  than  100,000  square  miles  of  upland 

1  Sargent.    Herbarium  notes,  May,  1013. 

s^rinon  (Ad  Brown,   Flora  of  Nortbem  United  states  «i»dC|oi4at   Dlustimt«d, 
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rc^on  between  Viiginia  and  northern  Alabama  and  Mississippi. 
The  total  area  of  its  commercial  range  covers  not  less  than  280,000 
square  miles.  The  production  reaches  its  maximum  over  the  gently 
rolling  and  hilly  country  of  the  Mississippi  basin  in  northern  Louisi- 
ana, most  of  eastern  Arkansas,  eastern  Oklahoma,  and  eastern  Texas. 
In  common  with  practically  all  other  commercial  pines,  the  economic 
range  of  shortleaf  has  become  greatly  reduced,  and  over  the  extreme 
northern  part  it  has  been  almost  driven  out  by  close  utilization  and 


Fio.  1.— Botanical  and  commercial  range  of  shortleaf  pine. 

the  consequent  encroachment  of  hardwoods.  In  the  upper  portions 
of  the  Atlantic  coastal  plain  it  is  to  a  considerable  extent  being 
replaced  by  loblolly  pine  on  abandoned  fields.  The  early  clearing 
for  agriculture  of  the  lighter  and  better-drained  soils  greatly  decreased 
the  shortleaf  seed  trees  and  correspondingly  increased  the  relative 
proportion  of  loblolly  seed  trees,  which  were  left  growing  along  the 
watercourses  and  on  low  heavy  soils,  where  they  find  a  congenial 
home. 
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CHARACTER  OF  STANDS. 

PURE  STANDS. 

Shortleaf  is  very  well  adapted  for  growth  in  pure  stands,  and  it 
occurs  extensively  in  this  form  of  forest.  The  stands  are  not  usually 
continuous  over  large  areas,  but  are  separated  by  mixed  stands  of 
pines  and  hardwoods.  Stands  of  pure  shortleaf  pine  once  covered 
a  much  larger  area  than  at  present.  It  is  doubtful  whether  shortleaf 
is  now  foimd  in  pure  type  on  more  than  from  20  to  40  per  cent  of 
its  former  range. 

Mature  shortleaf  occurs  over  a  large  region  centering  in  western 
Arkansas  and  northern  Louisiana.  This  is  the  last  extensive  region 
of  virgin  shortleaf  forest  left  in  the  gradual  progress  of  the  lumber 
industry  southward  and  westward  following  the  coast  line.  At  ele- 
vations of  400  to  1,200  feet  the  hiUy  country  supports  heavy  stands 
of  timber,  which,  however,  are  being  lumbered  at  a  rapid  rate.  In 
the  higher  mountainous  regions,  including  the  southern  Appalachians 
from  1,000  to  2,000  feet  in  elevation  and  the  Arkansas  and  Ozark 
National  Forests,  the  warm  south-facing  slopes  are  generally  covered 
with  pine  in  pure  stands,  and  the  northerly  slopes  with  little  else 
than  hardwoods,  chiefly  oaks  and  hickories. 

A  considerable  proportion  of  the  pure  stands  of  shortleaf  is  found 
in  old  fields  formerly  under  cultivation.  Here  the  factor  of  early 
competition  with  hardwoods  was  ehminated  and  the  pine  took  com- 
plete possession.  This  fonn  of  second-growth  forest  occurs  exten- 
sively from  Virginia  southward  and  westward  throughout  its  entire 
commercial  range  and  aggregates  probably  more  than  68,000  square 
miles.*  It  represents  practically  all  the  land  within  the  shortleaf- 
pine  belt  that  has  at  any  time  been  cleared  and  subsequently  aban- 
doned. During  a  period  of  10  to  20  years,  commencing  in  1861,  a 
vast  acreage  of  such  lands  was  *' turned  out"  all  through  the  South; 
but  the  process  of  "clearing  up,"  "working  out,"  and  **tuming  back" 
land  has  been  in  common  practice  for  a  century  or  more  in  the  older 
parts  of  the  wSouthem  States. 

MIXED  STANDS. 

CONIFERS. 

In  its  geographical  relation  to  the  other  eastern  pines  of  commercial 
importance,  shortleaf  occupies  a  position  characteristically  interme- 
diate between  white  and  Norway  pines  on  the  north  and  loblolly 
and  longleaf  on  the  south.  Between  these  two  widely  separated 
groups  of  important  commercial  pines,  shortleaf  occupies  and  domi- 
nates a  broad  strip  of  coimtry. 

I  Based  upon  genezal  forest  studies  in  praoticaUy  all  of  the  States,  and  detailed  examination  of  21  oountiei 
in  North  Carolina. 
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Altogether  10  different  species  share  in  varying  degree  the  range  of 
shortleaf.  Pond  and  slash  pines  and  spjuce  pine  merely  overlap 
along  the  southern  margin,  but  pitch  and  scrub  pines  share  as  mudi 
as  one-third  to  one-half  the  botanical  range.  In  parts  of  Virginia 
and  North  Carolina,  scrub  pine  occurs  in  varying  proportion  in  the 
mixed  shortleaf  conifer  stands/  particularly  in  old  fields,  and  it 
succeeds  in  getting  a  strong  foothold  in  the  poorer  soils,  dry  pastures, 
and  waste  places.  On  the  lower  or  warmer  side,  shortleaf  throughout 
practically  its  entire  range  associates  extensively  with  loblolly  pine. 
In  this  association  the  two  maintain,  to  a  large  degree,  the  relation 
of  complementary  species,  loblolly  holding  the  heavier,  moist  soils 
and  shortleaf  the  drier  and  lighter  soils.  Valuable  and  extensive 
commercial  forests  of  this  character  occur  in  Georgia,  Alabama, 
Mississippi,  Texas,  and  especially  heavy  stands  in  Arkansas  and 
Louisiana.  Both  of  these  pines  to  some  extent,  and  particularly 
loblolly,  are  replacing  the  slower-growing  longleaf  on  all  situations, 
except  the  driest  and  most  sandy  soils,  throughout  their  region  of 
contact.*  In  the  longleaf  r^on  shortleaf  occurs  generally  in  groups 
or  small  stands  on  favorable  situations,  but  in  large  areas  west  of  the 
Mississippi  the  two  occupy  practically  the  same  soil  type,  and  in 
mixture  they  make  up  heavy  stands  of  maximum  development. 

HARDWOODS. 

A  large  nimiber  of  broadleaf  species  are  associated  with  shortleaf 
through  its  extended  range.  Oaks  and  hickories,  however,  are  so 
constant  in  their  association  as  to  be  characteristic  in  many  of  the 
mixed  stands.  Over  the  Northern  Atlantic  States  chestnut  oak, 
yellow  oak,  and  red  oak  are  the  most  typical  associates.  From 
Virginia  southward  throughout  the  Piedmont  country,  lying  between 
the  coastal  plain  and  the  lower  slopes  of  the  moimtains  up  to  2,500 
feet,  shortleaf  still  maintains  its  position  generally  as  the  dominant 
tree  in  mixture  with  the  upland  oaks  and  hickories.  The  primary 
associated  species  are  yellow  and  Spanish  oaks,  big-bud  and  bittemut 
hickories,  and,  on  the  thin  ridges,  post  oak  and  black-jack  oak.  The 
amoimt  of  shortleaf  in  the  mixture  varies  widely,  but  throughout  the 
eastern  range  represents  usually  from  35  to  60  per  cent  of  the  stand. 
In  the  hilly  and  moimtainous  parts  of  Arkansas,  the  mixed  shortleaf 
and  loblolly  type  gives  way  at  elevations  above  about  400  feet  to 
heavy  stands  of  nearly  pure  shortleaf  up  to  about  1,000  feet,  whence 

1  Following  are  botanical  and  common  names  of  pines  mentioned: 


Loblolly  pine  {Pinus  Uuda  Linn.). 
Longleaf  pine  {Pinua  paUtatrU  MiU.). 
Pttdi  pine  (Ptmit  rigm  UDL), 
Pond  pine  (Pimct  moUna  Micfaz.). 
T^ble  Mountain  pine  {Pinut  pungent  Miohz.). 
s  Aahe,  W.  W.    Proceedings  of  the  Society  of  American  Foresters.    VoL  V,  No.  1,  p.  84. 


Norway  pine  (Pinut  retinota  Ait). 
Scrub  pine  (Pinut  virginiana  MUl.). 
Slash  pine  (Pinut  caribaea  MoreL). 
White  pine  (Pinut  ttrobut  Lion.). 
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the  shortleaf-hardwood  mixed  forest  ascends  the  mountam  slopes 
to  about  2,000  feet.  The  prevailmg  associates  west  of  the  Mississippi 
River  are  oaks  and  hickories,  particularly  yellow  oak,  bittemut  and 
pignut  hickories;  on  the  dry  ridges  post  and  black-jack  oaks;  and 
in  the  fresher  soils  white  and  red  oaks,  big-bud  or  mocker-nut  hickory, 
and  red  gum.*  The  commercial  importance  of  all  the  hardwoods 
typically  associated  with  shortleaf  is  comparatively  small,  except 
white  oak  in  the  region  of  its  better  development.  Several  inferior 
species,  including  persimmon,  sassafras,  and  dogwood,  are  nearly 
everywhere  represented  in  the  mixture. 

Table  2. — Forest  composition  of  the  Arkansas  and  Ozark  National  Forests.^ 


Arkansas  National  Forest.* 

Ozark  National  Forest.* 

Species. 

Total  stand. 

Per 

centage 

of 

total 
stand. 

Diameter. 

Total  stand. 

Per 
oentaee 

Average. 

MaxI- 
mum. 

or 

total 
•tand. 

Shortleaf  pine 

Boardfeet. 

1,. 500, 000,000 

300.000.000 

100,000,000 

350.000 

3,348,000 

96,302,000 

75.00 
15.00 
5.00 
.02 
1.67 
3.31 

Inches. 
18 
17 
16 
16 
16 

Inches. 
34 
36 
18 
18 
22 

Boardfeet. 
108,800,000 
605,925,000 
252,809,000 
40,271,000 
63,248,000 
1,174,000 

iai5 

White  oak 

M.51 

Red  and  black  oak 

2157 

Hickory 

3.76 

Red  (rum 

5.90 

Miscellaneous 

.11 

Total 

2,000,000,000 

100.00 

1,032,317,000 

loaoo 

1  Figures  for  the  Arkansas  Forest  secured  during  reconnaissance  in  1913.    Figores  for  Oiark  Fonst  from 
Bulletin  106.  Forest  Service,  "Wood-Using  Industries  and  National  Forests  of  Arkansas." 

*  Area  of  Forest,  750,000  acres. 

*  Area  of  Forest,  481,575  acres. 

The  percentage  of  shortleaf  is  relatively  small  in  the  Ozark,  whidi 
is  farther  north,  and  increases  outside  of  both  Forests  because  of  the 
lower  elevations  and  warmer  situations. 

Under  virgin  conditions  the  progressive  changes  within  this  mixed 
type  resemble  in  some  respects  those  that  occur  with  white  pine. 
By  the  thinning  or  removal  of  the  valuable  shortleaf  pine,  oppor- 
tunity has  been  afforded  for  the  more  rapid  reproduction  of  tolerant 
hardwoods  already  on  the  ground.  Thus,  some  territory  formerly 
dominated  by  shortleaf  in  mixture  is  now  held  almost  exclusively  by 
hardwoods. 


J  Names  of  hardwoods  mentioned: 
Big-bud  hickory  {Hicoria  alba  Britt.). 
Block  gum  ( Nyitsa  sylvatica  Marsh.). 
Black-jack  oak  (Quercua  marilai^ica  Muenchh.). 
Dogwood  ( Comus  florida  Linn.). 
Chestnut  oak  {Quercus  prinu*  Linn.). 
Persimmon  {Diospprot  virginiana  Linn.). 
Pignut  hickory  {Hkoria  glabra  Britt). 
Tost  oak  (Qtimu  nUnor  (Marsh.)  Saig.). 


Red  gam  (LiqtMambar  ttfraeifiua  LimL). 
Red  maple  (Acer  rubrum  Linn.). 
Red  oak  (Querau  rubra  Linn.). 
Sassafras  (Sassafras  sassafras  (LintL)  Eifst). 
Scarlet  oak  {^Q^erelU  coeehua  Moenchb.). 
Spanish  oak  {Quercus  iifUata  (Maish.)  Sodw.). 
White  oak  {Quercus  oOs  Linn.). 
YeUow  oak  (Qm^ivm  MliitfiM  laa.). 
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SIZE,  AGE,  AND  HABIT. 

Over  much  of  its  range  the  average  height  attained  by  shortleaf  is 
between  80  and  100  feet,  and  in  r^ons  of  better  development 
between  100  and  120  feet,  with  a  maximum  of  about  130  feet.  Mature 
diameters  of  from  2  to  3  feet  are  most  common;  those  of  4  feet  are 
rare  except  in  trees  grown  in  the  open.  The  tree  commonly  reaches 
an  age  of  between  200  and  300  years,  a  maximum  of  about  400  years 
being  occasionally  attained. 

In  size,  shortleaf  holds  about  middle  ground  between  longleaf  and 
loblolly  pines.  Loblolly  grows  to  an  equal  height  and  a  greater 
diameter,  but  is  not  so  straight  a  tree.  Longleaf  averages  a  httle 
higher,  but  has  a  somewhat  smaller  trunk  at  matiuity. 

FORM. 

A  long  clear  straight  bole  with  small  taper  and  short  crown  makes 
shortleaf  pine  almost  an  ideal  tree  for  the  saw.  These  characteristics 
are  so  much  more  pronounced  in  shortleaf  than  in  several  of  its  pine 
associates,  for  example,  pitch,  scrub,  and  loblolly  pine,  that  they 
serve  commonly  as  distinguishing  marks.  In  early  life  the  tree  has 
a  narrow  pyramidal  stem,  which  later  becomes  more  cylindrical  (Pis. 
I  and  11).  Tables  showing  the  form  or  taper  of  the  stem,  both  out- 
side and  inside  the  bark,  will  be  found  in  a  forthcoming  bulletin  on 
the  importance  and  management  of  shortleaf  pine.  These  include 
tables  for  North  Carolina  and  Arkansas,  showing  inside  bark  meas- 
urements at  intervals  of  8.15  feet  above  a  1.5  foot  stump  for  trees 
from  40  to  120  feet  in  height  and  of  corresponding  diameter  classes. 
The  tables  are  adapted  for  use  in  calculations  of  cubic  volume  of  saw 
timber  from  8  and  16  foot  logs,  allowing  0.3  foot  additional  length  for 
each  16-foot  log.  The  butt  taper  at  1-foot  intervals  of  trees  of  vari- 
ous diameters  is  also  shown,  and  there  is  a  table  of  tapers  outside  the 
bark  at  10-foot  intervals  above  the  ground  for  trees  from  40  to  90  feet 
in  height. 

CROWN  AND  BABK. 

A  short  crown  composed  of  numerous  small  branches,  forming  a 
narrow  pyramidal  head,  permits  of  the  dose  density  which  charac- 
terizes ^ortleaf-pine  stands.  This  inherent  narrow  crown  habit  is 
well  shown  in  trees  grown  in  the  open,  where  it  is  conspicuous  even 
to  an  advanced  age.  Although  changes  take  place  in  the  relative 
demand  of  the  crown  for  light  after  the  period  of  maximum  height 
growth  (about  50  to  70  years),  the  change  in  the  general  shape  of  the 
crown  is  slight.  While  the  crown  of  longleaf  in  early  life  has  about 
the  same  outline  as  shortleaf,  though  less  dense,  in  later  life  it  broadens 
out  far  more.  Loblolly  maintains  a  much  wider  and  heavier  crown 
at  all  periods  of  life  than  either  of  the  other  important  southern 
pines.    This  habit  is  more  pronounced  on  the  drier  soils;  hence  in 
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the  upper  portions  of  its  range,  where  associated  with  shortleaf,  this 
difference  in  outline  and  internal  branching  of  the  crowns  becomes 
striking  and  serves  as  a  distinguishing  characteristic. 

In  keeping  with  the  small,  close  crown  are  the  short,  slender  leaves 
of  shortleaf  pine.  The  leaf  characteristics,  together  with  the  cone, 
afford  the  best  means  of  identifying  the  species.  (Fig.  2.)  Special 
notice  of  this  is  essential,  because  confusion  prevails  generaDy  in  dis- 
tinguishing the  various  pines.  Shortleaf  belongs  distinctly  to  the 
two-leaf  group  of  pines.  On  the  more  vigorous  portions  of  the  crown, 
however,  three  leaves  in  the  bundle  are  not  imcommon.  The  leaves 
are  mostly  3  to  5  inches  long,  in  some  locahties  appearing  en  masse 
of  a  slightly  bronzed  or  pale-green  color,  in  contrast  to  the  glaucous 
or  blue-green  color  in  other  locahties  or  regions.  Short  shoots  and 
colonies  of  sessile  leaf  bundles  are  often  scattered  along  the  trunk 
and  over  the  upper  sides  of  the  larger  branches.  These  are  found  on 
the  pitch  pine  of  the  North  and  the  pond  pine  of  the  South;  but  since 
they  occur  in  none  of  the  important  southern  timber  pines  except 
shortleaf,  they  serve  practically  as  a  characteristic  distinguishing 
shortleaf  from  both  loblolly  and  longleaf  pines.  The.size  of  the  cones 
C' burrs")  aids  in  recognizing  shortleaf  when  otherwise  it  might  be 
confounded  wnth  loblolly  pine,  its  most  common  associate  in  the 
lower  soils.  The  small  cones  of  shortleaf  (from  IJ  to  2i  inches  in 
length)  when  open  on  the  tree  appear  to  be  about  the  size  of  pigeon 
eggs;  those  of  loblolly  (from  3  to  5  inches  in  length)  about  the  size 
of  duck  eggs.  The  individual  scales  composing  the  cone  in  shortleaf 
are  armed  with  slender,  needle-pointed  prickles,  broken  off  more 
easily  than  the  stouter  persistent  prickles  of  loblolly  cones.  The  seed 
of  shortleaf  (described  on  p.  19)  is  Ukewise  much  smaller  than  that  of 
loblolly  pine. 

A  difference  in  the  bark  of  shortleaf  and  loblolly  L^  readily  per- 
ceptible up  to  the  beginning  of  old  age.  The  bark  of  loblolly  is  on 
the  average  thicker,  more  deeply  furrowed  and  ridged,  and  somewhat 
darker  in  color  than  that  of  shortleaf.  After  maturity  these  differ- 
ences in  bark  become  less  marked,  or  disappear. 

RELATION  OF  CLEAR  LBNGTH  TO  CROWN. 

Measurements  taken  in  shortleaf  stands  of  average  density  show 
much  regularity  in  the  relation  of  the  length  of  the  living  crown  to 
the  total  height  of  the  tree.  In  stands  about  10  feet  in  height  the 
depth  of  the  canopy  averages  5  feet,  or  one-half  the  height  of  the 
stand.  Above  this  height  the  canopy  gradually  becomes  propor- 
tionately shorter,  until  at  80  feet  clear  lengths  of  45  to  55  feet  are 
reached.  This  is  from  about  60  to  70  per  cent  of  the  total  hei^t, 
varying  with  different  qualities  of  site.  The  crown  is  relatively 
longer,  in  proportion  to  the  total  height  of  the  tree,  on  the  poorer 
situations,  and,  conversely,  the  clear  length  of  the  stem  is  shorter. 
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Jul  3l — Shortleaf  pine  leaves,  seed,  cone  (burr),  and  seedling:  a,  Young  seedling;  b,  same  one  month  later; 
e,  Bwdltng  at  end  of  first  season  showing  early  bundles  of  true  leaves;  d,  two-leaf  and  three4eaf  dusters; 
e,  brandi  with  mature  closed  cones  (burrs);  f,  cone  scale  and  seed  with  wing  detached;  g,  mature  cone 
(Drawn  to  scale  from  actual  specimens.) 
92B3*— Boll.  244—15 2 
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Figure  3,  based  on  measurements  of  34  well-stocked  shortleaf  pine 
stands  in  Arkansas,  represents  graphically  the  proportion  of  clear 
length  to  crown  length  for  trees  of  various  heights  on  the  better  and 
poorer  quality  of  situations. 

The  lengths  of  the  crown  and  clear  stem  and  their  proportion  of 
the  total  height  of  the  tree  are  given  in  Table  3.  In  New  Jersey 
70-year-old  stands  65  feet  high  had  practically  the  same  actual  depth 
of  canopy  as  vigorous  stands  50  years  old  and  80  feet  in  height  in 
Arkansas.     The  proportion  of  clear  length  to  total  height  in  New 


Fio.  3.— Relative  proportions  of  clear  length  and  crown  depth  for  shortleaf  pine  of  various  heights  on  better 
and  poorer  qualities  of  site  in  Arkansas. 

Jersey  was  about  48  per  cent,  as  compared  with  70  per  cent  for  the 
better  stands  in  Arkansas. 


Table  3. — ijlmr  length  and  crovm  length  of  dominant  trees  in  vdl-stocked  stands  of 

shortleaf  pine  in  Arkansas. 


Total  height  of  tree  (feet). 

Better  Quality  site. 

PoOTer  quality  site. 

cnear  length. 

Crown  length. 

Clear  length. 

10 

Feet. 
5 
10 
18 
25 
32 
39 
46 
55 
63 

Perct. 
50 
50 
60 
63 
64 
65 
67 
69 
70 

Feet. 
5 
10 
12 
15 
18 
21 
24 
25 
27 

Perct. 
50 
50 
40 
37 
36 
35 
33 
31 
30 

Feet. 
4 
8 
13 
19 
25 
31 
38 
46 
53 

Perct. 
40 
40 
43 
47 
50 
52 
54 
57 
60 

Feet. 
6 
12 
17 
21 
25 
29 
32 
34 
37 

Peret. 
60 

20 • 

60 

30 

57 

40 

53 

50 

50 

60 

48 

70 

46 

80 

43 

90 

40 

CROWN  SPREAD  AND  TREE  DIAMETER. 


In  well-stocked  stands  of  shortleaf  pine  a  very  close  relationship  has 
been  found  to  exist  between  the  diameter  of  the  tree  at  breast  height 
and  the  diameter  of  the  crown.     This  relationship  is  striking  in  its 
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constancy  and,  so  far  as  is  known,^  has  never  before  been  found  to 
eidst  in  any  North  American  tree  species.  It  was  found  to  hold  true 
for  all  crown  classes  within  a  range  of  ages  from  20  to  80  years,  rep- 
resenting average  diameters  up  to  about  16  inches.  Indications 
point  to  this  relation  holding  true  beyond  80  years,  although  no  meas- 
urements in  pure  shortleaf  pine  have  been  made.  Later  measure- 
ments by  Prof.  H.  H.  Chapman,  of  Yale  Forest  School,  indicate  a 


k 


$ 


~^  9  S  iO  ^12  14 

TREE  DIAMETER  BREAST  HIGH-INCHES 
Fig.  4.— Relation  of  crown  width  to  diameter  of  tree.    (Shortleaf  pine,  11  to  60  years  old,  in  Arkansas.) 

constant  relation  between  the  diameter  and  crown  in  mixed  short- 
leaf  and  loblolly  pine  stands  from  80  up  to  200  years;  also  recent 
deductions  from  yield  and  growth  data  of  red  spruce  show  a  definite 
relation  existing  between  basal  area  and  growing  space  in  even-aged 
stands  between  20  and  100  years.' 

The  evidence  from  which  the  conclusion  is  drawn  is  shown  in  figui*e 
4,  based  on  545  trees  on  25  sample  plots,  representing  16  different  ages, 

1  Detennined  in  January,  1913,  tnm  measurements  taken  in  November  and  December,  1913. 

•  By^L.  8.  Murphy,  Forest  Servioe.  *  r\r\n]o 
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and  the  average  tree  on  each  of  14  other  sample  areas,  or  a  total  of 
559  trees.  All  the  trees  of  the  three  crown  classes  in  the  stand  and 
on  the  different  qualities  of  site  are  represented.  Under  the  influence 
of  all  these  different  factors,  which  are  considered  variables  in  mat- 
ters of  tree  growth  and  volume  increment,  the  size  of  both  diameter 
and  crown  spread  have  been  found  to  vary  uniformly  and  in  the  same 
direction.  This  intimate  relationship  between  tree  diameter  and 
crown  spread  is  apparently  an  expression  primarily  of  tolerance  or 
relative  demand  of  the  species  for  light. 

Table  4  gives  the  average  crown  spread  in  feet  of  each  breast-high 
diameter  class  from  5  to  16  inches.  It  shows  a  perfect  regularity 
between  the  size  of  the  tree  and  the  space  occupied  by  its  crown, 
irrespective  of  age  and  vigor. 

The  table  shows  that  for  each  increase  of  1  inch  in  tree  diameter  the 
crown  spread  increases  1.4  feet  in  Arkansas  and  1.75  feet  in  New 
Jersey.  This  difference  in  rate  is  probably  due  to  the  effect  of  differ- 
ent cUmatic  conditions  upon  the  tolerance  of  the  species.  During 
earher  life  up  to  about  15  years  the  relation  appears  to  be  in  the 
ratio  of  1  foot  of  crown  spread  to  each  inch  in  tree  diameter. 

This  law  of  growth  finds  practical  application  in  determining  for 
any  specified  diameter  class  the  total  number  of  trees  that  can  most 
profitably  be  grown  per  acre  in  a  well-stocked  stand.  Since  diameter 
is  a  direct  function  of  age  in  any  given  quality  of  situation,  the  tree 
density  on  the  ground  at  any  desired  age  can  likewise  be  jiscertained. 
Knowledge  of  this  sort  is  fundamental  in  working  out  problems  of 
thinning,  cutting,  and  final  yields  of  timber. 

Table  4.— Relation  of  tree  diamf.tcr  and  crown  diameter  for  skortleaf  pine  trees  in  fully 
stocked  stands  for  all  ages  from  20  to  80  years — Contrast  of  regional  difference  for 
Arkansas  and  New  Jersey. 


Crown  diameter. 

Favorable  region  (Arkansas). 

Unlavorable  region  (Nfw 

Tree  diameter  breast  high  (biches). 

Crown 
diameter. 

Amount 

of 
Increase. 

Differ- 
ence in 
crown 
dJametar 
and  tree 
diameter. 

Crown 
diameter. 

Amount 

of 
increase. 

Diflflcw 
enoein 
crown 
diameter 
and  tree 
dkmeter. 

Feet. 
5 5.2 

Feet. 
1. 4 

Fed. 
4.8 
6.1 
7.4 
8.7 
10.05 
11.4 
12.7 
14 

15.3 
16.6 
17.05 

10  9 

FeeL 

3.25 

5 

6.76 

&60 
10.25 
12 

13.75 
15.50 

FeeL 

FeeL 
2.85 

« 

7 

8 

9 

10 

11 

6.6 

8 

9.4 
10.8 
12.2 
13.6 
15 
16.4 

his 

L75 
1.75 
L75 
1.75 
1.75 
1.75 

4.5 
6.15 
7.8 
9.5 
11.21 
12.85 

12 

14.5 

13 

14 17.8 

15 

19.2 
20.6 

16 
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ROOT  SYSTEM. 


Having  strongly  developed  taproot  and  laterals,  the  tree  is  seldom 
thrown  by  wind  except  m  the  case  of  tornadoes.  This  root  system 
also  enables  the  tree  to  thrive  in  relatively  dry  situations.  Taproots 
14  feet  deep  have  been  foimd  on  8-year-old  saplings,  which  shows 
the  ability  of  the  tree  to  search  for  moistiu:e.  (PL  I.)  This  root 
habit  may  account,  in  part  at  least,  for  the  wide  geographical  dis- 
tribution of  shortleaf  pine,  and,  within  much  of  its  range,  its  suprem- 
acy over  all  other  conifers,  except  red  juniper,  in  successfully  occupy- 
ing the  driest  upland  soils  and  exposed  ridges.  It  is  significant  that 
shortleaf  pine,  which  maintains  throughout  life  a  higher  tree  density 
in  pure  stands  than  any  other  eastern  or  southern  commercial  pine, 
possesses  inherently  both  a  narrow  crown  and  deep  root  system. 
The  distribution  of  loblolly  pine  over  the  tideland  districts  and 
along  watercourses  and  the  absence  there  of  shortleaf  pine  is 
undoubtedly  due  to  an  ecological  eflFect  of  root  development  and 
inherent  adaptation. 

DEMANDS  UPON  SOIL  AND  CUMATE. 

SOIL. 

Shortleaf  occurs  on  a  wide  variation  of  soil  types,  ranging  from 
the  gravels  and  sands  to  stiff  clays.  In  respect  to  soil  moistiu:e, 
however,  its  requirements  in  one  particular  are  more  exacting;  namely, 
under  all  conditions,  shortleaf  avoids  very  poorly  drained  or  wet 
situations.  Its  home  is  essentially  on  the  better-drained  soils.  In 
New  Jersey  it  grows  on  the  low  ridges  of  gravelly  loam,  associated 
with  chestnut  oak.  Over  the  extreme  lower  portion  of  the  Atlantic 
coastal  plain,  from  North  Carolina  through  southern  Georgia,  Ala- 
bama, and  Mississippi,  its  occurrence  is  always  on  the  well-drained 
ridg^  and  hummocks.  The  physiography  and  soil  types  of  the  Pied- 
mont r^on,  from  the  upper  coastal  plain  well  into  the  lower  slopes 
of  the  moimtains,  are  favorable  to  its  vigorous  growth.  The  deep, 
well-drained,  gravelly  or  clayey  loam  soils  of  this  region  favor  short- 
leaf  but  discourage  loblolly,  which  is  much  inferior  in  abiUty  to 
withstand  drought.  In  the  lower  shortleaf  range  toward  the  south- 
em  coasts  the  lighter  grades  of  sandy  soils  are  occupied  by  longleaf, 
which  possesses  remarkable  tolerance  for  deep  and  very  dry  soil 
conditions. 

CUMATB 

The  broadness  of  the  cUmatic  conditions  favorable  to  shortleaf 
pine  is  clearly  indicated  by  the  tree^s  wide  geographical  range  The 
range  of  temperature  is  from  the  mean  annual  temperature  of  48® 
F.  in  northern  New  Jersey,  through  60®  in  central  Arkansas,  to 
70®  in  southeast  Texas.     Of  greater  significance  is  the  difference  be- 
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tweou  the  midwinter  (January)  mean  of  26®  in  northern  New  Jersey 
and  the  midsunmier  (July)  mean  of  84®  in  southeast  Texas.  Within 
its  geographical  range  occurs  a  total  temperature  range  of  134®  F., 
from  a  minimum  of  —22®  in  New  Jersey  to  a  maximum  of  112®m 
northern  Louisiana.  The  length  of  the  growing  season  is  indicated 
approximately  by  the  period  during  which  killing  frosts  do  not  occur. 
In  New  Jersey  this  period  averages  only  five  months,  from  May  1  to 
October  1 ;  in  northern  Louisiana  it  is  a  little  less  than  eight  months, 
from  March  16  to  November  8.  There  is  a  variation  in  snowfall  from 
an  average  of  40  inches  at  the  north  to  none  whatever  over  the  south- 
em  range  of  the  species. 

In  the  northeast,  the  45-inch  line  of  annual  precipitation  closely 
parallels  the  northern  limit  of  shortleaf 's  range,  and  the  line  marloDg 
an  average  of  40  inches  of  precipitation  about  coincides  with  its 
southwestern  boundary  in  Kansas,  Oklahoma,  and  Texas.  Shortleaf 
advances  farther  into  this  region  of  low  relative  humidity  than  any 
other  pine,  and  in  its  advance  into  Texas  falls  behind  only  cypress 
and  eastern  red  cedar.  The  belt  of  maximum  development  of 
shortleaf — northern  Louisiana  and  Arkansas  and  the  southern 
Piedmont — coincides  strikingly  with  the  rainfall  zone  of  46  to  55 
inches,  or  an  average  of  50  inches. 

In  general,  shortleaf  pine  reaches  its  best  development  under  (1) 
a  mean  annual  temperature  of  about  55®  F.,  from  a  35®  average  for 
the  coldest  months  of  the  year  to  a  75®  average  for  the  warmest;  (2) 
an  annual  precipitation  of  45  to  55  inches,  distributed  through  at 
least  nine  months  of  the  year;  and  (3)  in  deep,  porous  or  well-drained, 
clayey,  or  gravelly  loam.  In  less  favorable  conditions,  the  species 
shows  considerable  vigor  of  growth  over  regions  of  wide  variation  in 
temperature,  atmospheric  moisture,  soil  composition,  and,  exovepting 
in  the  heavier,  poorly  drained  soils,  soil  moisture.  In  demands  upon 
both  moisture  and  heat,  shortleaf  is  clearly  the  least  exacting  of  the 
important  southern  pines,  which  may  be  put  in  the  following  order: 
Slash,  longleaf,  loblolly,  shortleaf. 

UGHT  REQUIREMENTS. 

Shortleaf  pine  requires  an  abimdance  of  direct  overhead  light  fof 
development,  yet  at  the  same  time  it  possesses  to  a  remarkable 
degree  both  the  power  to  withstand  suppression  for  many  years  and 
the  capacity  of  rapid  recovery  following  suppression.  Tlie  intimate 
relation  between  light  supply  and  growth  in  early  life  is  graphically 
shown  in  figure  5,  drawn  to  scale  from  an  11-year-old  crowded  short- 
leaf-pine  stand.  The  adjacent  stands  cut  off  all  side  light  and 
slightly  reduce  the  overhead  supply.  The  height  growth  increases 
at  an  accelerated  rate  as  the  distance  from  the  adjacent  stand 
increases,  reaching  its  normal  level  of  22  feet  at  a  distance  approzi- 
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mately  the  same  as  the  height  of  the  margmal  trees.  Incidentally 
this  close  response  in  growth  to  varying  degrees  of  Ught  makes  short- 
leaf  a  good  recorder  of  imnsual  chmatic  or  other  events  which  strik- 
ingly alter  existing  light  relations.  Typical  examples  of  this  are 
given  on  page  32,  imder  the  discussion  of  recovery  after  suppression. 
Because  of  its  inherently  narrow  crown  and  medium  light  require- 
ments, the  density  of  shortleaf  stands  remains  high  to  a  relatively 
advanced  age.  So  many  factors  enter  into  the  problem  that  it  is 
impossible  to  determine  the  absolute  position  of  shortleaf  in  the  scale 
of  light  requirements  without  a  much  greater  number  of  exact  meas- 
urements. To  compare  it,  however,  with  other  southern  pines,  imder 
similar  conditions  of  soil,  heat,  moisture,  and  age,  shortleaf  through- 
out life  requires  less  light  for  development  than  longleaf ,  does  not  in 
early  life  tolerate  shade  so  well  as  loblolly,  but  retains  longer  the 


D/ stance  /h  ^tef- 

Fio.  5.— Effect  of  light  supply  upon  height  growth,  shown  by  a  vertical  section  through  a  3-year-old  short- 
leaf  stand.  Fully  stocked,  even-aged  shortleaf  stand,  11  years  old  and  22  feet  high.  (Drawn  from  actual 
stand.) 

power  of  growth  imder  limited  light  supply,  showing  this  retention  of 
pwwer  by  a  relatively  later  and  slower  decrease  in  tree  density. 

NATURAL  THINNING  AND  STAND  DENSITY. 

The  dependence  of  shortleaf  on  a  full  supply  of  Ught  in  early  life  is 
seen  in  the  rapid  reduction  of  very  high  tree  density  in  natural 
unthinned  stands.  A  square  rod  of  8-year-old  saplings,  encroaching 
upon  a  cotton  field  in  Nevada  County,  Ark.,  contained  a  stand  of 
about  58,000  per  acre.  At  10  years,  as  many  as  25,000  to  40,000  trees 
per  acre  over  limited  areas  are  not  uncommon.  At  20  years  the 
normal  stand  contains  from  900  to  1,200  trees. 

In  fully  stocked  stands  natural  thinning  progresses  very  rapidly 
during  the  first  decade  and  at  an  increasingly  slower  rate  during  the 
following  20  to  30  years.  After  this  period  the  loss  of  trees  is  very 
noticeably  gradual  for  the  remainder  of  life.  Natural  thinning  is 
most  rapid  and  culminates  earUest  in  the  best  quality  of  situations 
both  from  a  regional  and  local  standpoint.    In  the  central  Mississippi 
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Valley  regiou  the  first  general  period  ends  somewhere  between  the 
ages  of  40  and  50  years,  depending  upon  the  local  situation;  in  the 
central  Atlantic  coast  belt  apparently  between  55  and  70  years. 
Figure  6,  showing  progressive  stages  of  natural  thinning  and  crown, 

classed  according  to 
age,  represents  actual 
numbers  of  trees  and 
outlines  of  crowns  as 
they  existed  in  four 
fully  stocked  stands 
in  Arkansas  measured 
for  growth  and  yield. 
The  20-year-old  stand 
contained  800  trees  per 
acre;  the  33-year-old 
stand,  580  trees;  the 
42-year-old  stand,  400 
trees;  and  the  52-year- 
old  stand,  320  trees 
per  acre. 

Shortleaf  pine  shows 
progressive  changes  in 
the  character  of  the 
forest  canopy  other 
than  the  mere  reduc- 
tion in  number  of  trees. 
These  changes  are  well 
illustrated  in  figure  6 
for  stands  from  20  to 
50  years  old.  In  early 
life  the  tree  crowns  are 
approximately  circular 
in  outline  and  closely 
approach  each  other, 
^^Ky  leaving  very  little  un- 

(320-^ces  Per  Acre)   occupied   space.     At 
the  age  of  50  years. 


Age  20  Years 
(800  Trees  Per  Acre) 


Age33Veors 
(580  Trees  Ber  Acre) 


Age4-2  Years 
t400Trees  Per  Acre) 


Fig.  6.— Progressive  chaoge  In  tree  density  by  natural  thinning'  ,  *l,  +  V. 

In  pure  even-aged  stands  of  shortleaf  In  Arkansas:  D,  Dominant  nOWeVCr,    tJie  tree   liaS 

classes;  I,  intermediate;  S,  suppressed  classes.    Areas,  33  by  66  bcCOme    IcSS  tolcrant 
feet.    (Drawn  from  actual  stands.)                                                       ,  .     ' 

the  crowns  are  quite 
irregular  in  outline,  and  crown  isolation  leaves  relatively  large  light 
spaces  in  the  canopy.  The  slow  rate  of  natural  thinning  after  about 
50  years  undoubtedly  is  accompanied  by  relatively  small  changes  in 
the  tolerance  of  the  tree.  The  cUmax  of  lateral  growth  or  spread 
of  the  branches  characteristic  of  the  species  seems  to  be  closely  ap- 
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Plate  II. 
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FiQ.  1.— Shortleaf  Pine  Fire  Coppice  4  Years  Old  in  Foreground  from  6-Year- 
Old  Sprout  Parent  Stock.  A  Few  Trees  of  the  Former  Stand,  now  10 
Years  Old,  are  Seen  in  Center. 


^roDmrJ"'''""^  ^^^^°  ^'^  Shortleaf  Pine  Reproduction,  3-Year-Olo  Fire 
Forest  3-Year-Old  Seedlings   Parent  Stock.    Arkansas   Natk)«al 
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preached  at  about  the  age  of  50  or  60  years  on  the  best  sites  and 
70  to  90  years  on  the  poorer  sites.  In  respect  to  the  number  of 
trees  per  acre  at  these  ages,  shortleaf  somewhat  exceeds  longleaf 
and  notably  surpasses  loblolly  on  similar  quaUties  of  site.  At  ages, 
ranging  mostly  from  175  to  225  years,  natural  thinning  of  stands, 
due  to  old  age  and  overmaturity,  goes  on  at  a  more  rapid  rate.  This 
is  closely  associated  with  the  incoming  of  the  new  generation  and  the 
sudden  and  rapid  increase  in  numbers  per  acre. 

The  number  of  trees  per  acre  in  well-stocked  stands  decreases  as 
the  quality  of  the  site  improves.  At  20  years,  well-stocked  stands 
in  the  Arkansas  r^on  have  usually  from  1,000  to  1,300  trees  per  acre; 
in  North  Carolina,  1,400  to  1,800;  and  in  central  New  Jersey,  1,800 
to  2,400.  In  general,  this  regional  difference  holds  good  for  several 
decades;  so  that  at  50  years  well-stocked  imthinned  stands  have 
approximately  300,  355,  and  500  trees  per  acre,  respectively,  in  the 
above  three  regions.  The  relation  of  the  density  to  the  quality  of 
situation,  both  in  one  locality  and  in  widely  separated  r^ons, 
appears  to  be  constant  and  regular.  The  difference  in  densities  in 
normal  or  well  stocked  stands  in  North  Carolina  and  Arkansas  is  well 
shovm  by  the  contrast  between  Table  5  and  Table  6. 

Table  5. — Number  oj  ihofUeaf  trees  per  acre  in  stands  of  different  densities  in  Arkansas.^ 


Age  (yean). 

Under- 
stocked. 

WeU 
stocked. 

Over- 
stocked. 

Age  (years). 

Under- 
stocked. 

Well 
stocked. 

Over- 
stocked. 

20 

840 
476 
290 
210 
170 
140 
100 
80 
80 
76 

1,130 
'«00 
400 
300 
250 
216 
186 
146 
128 
118 

1,640 
1,000 
650 
400 
326 
280 
250 
186 
176 
160 

120 

76 
70 
66 
66 
60 
60 
60 
66 
66 

115 
110 
105 
102 
100 
100 
100 
98 
95 

155 

30        

130 

150 

40 

140 

146 

50          

150 

140 

00 

160 

140 

70             

170 

140 

80      

180 

140 

go          

190 

140 

100    

200 

136 

110 

.  oo  measuiements  in  38  even-aged  stands.    The  number  of  trees  per  acre  vary  qnite  widely  in 

I  in  aooordanoe  with  the  quality  of  the  situation,  and  the  numbers  should  be  considered  approxi- 

I  mate  iBtber  than  exact 


Table  6. — Number  of  trees  per  acre  for  well-locked  shortleaf  stands  in  North  Carolina.^ 


A«e(ye«s). 


QuaUty 


Qnallty 


QuaUty 

m. 


Age  (years). 


QuaUty 


QuaUty 
IL 


QuaUty 

m. 


20. 
25. 
30. 
35. 
40. 
45. 

an. 


1,000 
676 
610 
410 
840 
280 
235 


1,636 
1,096 
766 
600 
500 
420 
365 


2,460 

1,880 

1,406 

1,046 

795 

666 

650 


200 
165 
140 
120 
100 
90 


310 
270 
230 
205 
180 
166 


475 
420 
870 
330 
296 
270 


>  Based  on  measurements  of  80  sample  plots;  area,  21.6  acres. 
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As  a  result  of  repeated  burnings  the  density  of  natural  stands  is 
usually  very  variable.  Occasionally  second-growth  stands  have  been 
protected  by  surrounding  cultivated  fields  and  the  watchfulness  and 
care  of  their  owners.  Such  stands  show  striking  regularity  of  tree 
density  and  much  quicker  wood  production  than  unprotected  stands, 
which  is  due  to  the  influence  of  a  protective  mulch  consisting  of  leaves 
C'pine  straw''),  twigs,  and  bark. 

REPRODUCTION. 

Few  of  the  valuable  pines  in  the  United  States  reproduce  as  vig- 
orously as  shortleaf .  The  regeneration  is  accomplished  by  seed  and 
by  complete  sprouting  during  the  period  of  early  life  when  the  tree 
is  most  susceptible  to  severe  injury.  Reproduction  by  means  of  nat- 
ural seeding  is  successful  and  heavy,  because  of  the  frequent  and  full 
seed  crops,  the  lightness  and  short  germinating  period  of  the  seed, 
and  the  high  resistance  of  the  seedling  to  unfavorable  conditions  of 
temporary  shade  and  drought. 

Abandoned  fields  and  openings  made  by  lumbering,  windfall  (in  the 
tornado  belt  west  of  the  Mississippi),  and  fires  are  quickly  occupied 
by  shortleaf  pine.  Ten  representative  coimties  in  western  North 
Carolina  contain  393,670  acres  of  old-field  stands  of  mostly  pure  short- 
leaf  pine.  This  is  14  per  cent  of  the  total  area,  or  27  per  cent  of  the 
forested  area,  of  the  coimties.  Such  old-field  stands  characterize  the 
forest  lands  of  the  upland  regions  from  Virginia  southward  and  west- 
ward throughout  the  range  of  the  species.  The  extensive  pineries 
near  Lakewood,  N.  J.,  are  mostly  pure  stands  of  shortleaf  ("two- 
leaf")  pine  of  similar  origin.  (PI.  II.)  In  mixture  with  the  inferior 
pitch  pine  in  New  Jersey  and  loblolly  pine  in  the  lower  or  outer  por- 
tions of  the  shortleaf  range,  it  has  not  successfully  held  its  former 
place  of  importance.  The  cause  lies  chiefly  in  the  much  closer  utili- 
zation of  the  shortleaf  and  the  resulting  relatively  greater  abimdance 
of  seed  trees  of  the  associated  species.  In  the  southern  mixed  hard- 
wood forest  there  has  been  a  notable  extension  of  the  importance  and 
commercial  range  of  shortleaf.  This  has  been  due  to  the  successive 
clearing,  working,  and  "turning  out''  of  fields  and  to  the  extensive 
ranging  of  hogs.  The  hogs  consume  practically  all  of  the  oak  and 
hickory  seed  and  at  the  same  time  prepare  excellent  seed  beds  for 
shortleaf  pine  by  uprooting  soil  and  humus  in  the  fall  of  the  year. 
Some  seedhngs,  of  course,  are  later  destroyed  by  the  same  process. 
The  results  of  these  two  agencies,  operative  for  periods  of  75  to  200 
years,  have  been  cumulative  and  have  produced  marked  changes  in 
the  composition  and  density  of  the  forest  in  various  parts  of  the 
South. 

On  the  National  Forests  of  Arkansas  natural  reproduction  is  heavy 
except  on  the  cool  northern  exposures,  and  the  encroachment  of 
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shortleaf  pine  into  the  oak  and  hickory  type  is  particularly  notice- 
able. Fresh  openings  become  fnHy  stocked  usually  during  the 
first  four  years;  and,  normally,  in  the  mixed  pine-and-hardwood 
type,  groups  of  pure  young  pine  of  a  few  prevailing  age  classes  are 
numerous. 


The  seed  of  shortleaf  is  very  small,  varying  usually  from  50,000  to 
70,000  to  the  pound.  The  cones  which  produce  them  are  among 
the  smallest  for  all  pines — ^from  1^  to  2^  inches  in  length.  They 
persist  on  the  trees  for  periods  of  about  four  years  on  vigorous  shoots 
to  seven  or  eight  years  on  suppressed  portions  of  the  crown.  Ripen- 
ing in  early  autumn,  the  seeds  fall  by  the  middle  of  November  and 
lie  dormant  during  the  winter.  Germination  usually  takes  place 
during  March  or  April.  In  ordinary  seed  years  the  seed  averages 
50  to  60  per  cent  germination,  varying  quite  widely  below  this  stand- 
ard in  unfavorable  seasons  and  with  unhealthy  or  old-aged  trees. 
One  tree  280  years  old  had  a  full  crop  of  cones  bearing  apparently 
good  seed.  TTie  germinative  power  of  shortleaf  pine  is  retained  to 
a  large  degree  for  several  years.  Seed  of  the  1911  seed  crop,  kept  at 
ordinary  living  temperatures,  gave  56.8  per  cent  germination  in  the 
spring  of  1914.  The  seedlings,  however,  were  apparently  somewhat 
lower  in  vigor  than  those  grown  from  fresh  seed. 

The  seed  of  the  shortleaf  has  some  advantages  over  seeds  of  other 
species.  A  marked  ability  to  germinate  successfully  in  grass  and 
leaf  litter,  as  compared  with  other  southern  pines,  has  been  ob- 
served.^ This  is  in  line  with  the  inherent  capacity  of  the  species  to 
thrive  on  the  lighter  upland  soils  deficient  in  soil  moisture.  The 
very  small  size  of  the  seed  gives  it  an  advantage  over  larger  seed 
in  quickly  reaching  mineral  soil.  By  means  of  a  relatively  large 
wing  the  seed  is  readily  borne  by  the  wind.  A  breeze  will  cany- 
seed  a  distance  of  from  2  to  5  times  the  height  of  the  tree;  and  strong 
winds  will  carry  it  from  one-eighth  to  one-fourth  of  a  mile. 

Seed  is  produced  both  abimdantly  and  regularly.  Full  crops 
occur  at  an  average  interval  of  about  three  years,  with  intermediate 
or  partial  crops  almost  every  season.  In  a  typical  region  of  the 
Arkansas  National  Forest,  during  a  period  of  13  years  commencing 
in  1901,  shortleaf  pine  bore  four  full  seed  crops,  seven  partial  crops, 
and  failed  entirely  during  two  seasons.'  The  years  of  abundant 
seed  were  1902,  1907,  1910,  and  1913;  1903  and  1909  were  blank 
years,  and  the  others  intermediate.  Thrifty  trees  with  good  light 
supply  begin  to  produce  seed  at  about  20  years.  Exceptional  trees 
have  been  noted  with  cones  at  16  years.    In  open  or  mixed  forest 

1  Proceedings  of  the  Society  of  American  Foresters,  Vol.  V,  No.  1,  "LobloUy  and  Shortleaf  Pines/'  by 
W.  W.  Ashe. 
*  Beeoid  of  seed  crops  determined  by  study  of  crowns  in  a  laiige  logg^  area,  Womble,  Ark. 


Digiti 


zed  by  Google 


20  BULLETIN   244,   U.   S.   DEPARTMENT  OF  AGRICULTURE. 

stands  seed  is  produced  at  intervals  throughout  life  after  about  the 
thirtieth  year.  In  crowded  stands  seed  production  is  confined  to 
the  larger  dominant  trees  and  is  deferred  until  about  40  years. 

SPROUT  OR  COPPICE  REPRODUCTION. 

Shortleaf  pine  sprouts  vigorously,  and  thus  reproduces  itself  if 
killed  back  during  the  period  of  early  life.  This  period  fortunately 
is  the  time  of  greatest  susceptibihty  to  injury  both  by  fire  and  various 
mechanical  agencies.  Its  range  over  the  drier  uplands  is  coincident 
with  a  region  of  frequent  forest  fires,  yet  it  is  saved  by  notably 
abundant  reproduction  practically  everywhere.  Of  the  important 
commercial  pines  in  the  United  States  shortleaf  alone  possesses  this 
capacity  of  complete  reproduction.^  A  field  investigation  in  1912-13 
showed  clearly  that  comparatively  very  few  seedlings  reach  ages  of  3 
to  6  years  without  being  burned  back,  and  that  most  forest  stands 
have  passed  through  this  experience  on  repeated  occasions. 

It  has  been  found  possible,  although  somewhat  difficult,  to  trace 
the  history  of  most  stands  and  determine  defijiitely  their  origin, 
whether  of  direct  seedhng  or  coppice  growth.  Thus,  the  majority 
of  all  standing  shortleaf  timber  examined  in  various  portions  of 
Arkansas  was  found  to  be  of  coppice  origin.  In  abandoned  fields 
fire  less  frequently  sweeps  over  young  stands  because  of  the  fire  pro- 
tection afforded  by  the  naked  soil.  In  spite  of  this,  many  old-field 
stands  have  suffered  from  at  least  one  fire.  Observation  in  Geor^a, 
South  Carolina,  Virginia,  and  New  Jersey  showed  that  similar  con- 
ditions exist  throughout  the  geographical  range  of  the  species.  The 
property  of  sprouting  accoimts  for  the  remarkable  aggressiveness  of 
shortleaf  pine  over  the  region  in  the  South  most  endangered  by  fire. 
Second-growth  forests  of  the  Piedmont  and  Appalachian  r^ons  have 
been  subject  to  frequent  fires  during  more  than  a  century.  As  a 
general  law,  it  may  be  stated  that,  in  any  specified  locality,  the  pro- 
portion of  shortleaf  pine  of  seedling  origin  varies  inversely  as  the 
frequence  and  general  prevalence  of  fires.  Stands  of  direct  seedling 
origin  are  on  the  whole  of  insignificant  area,  because  there  are  few 
locahties  protected  against  fire  by  natural  barriers  or  by  man.  In 
one  locaUty  of  optimum  shortleaf  development  in  Pike  County,  ArL, 
the  only  stands  of  direct  seedling  origin  found  were  located  in  low, 
moist  situations  where  burnings  have  been  infrequent.  Obviously 
the  perfection  of  vigorous  reproduction  by  coppice,  though  limited 
to  early  years,  is  of  high  importance  in  the  profitable  management 
of  a  forest  species.  Since  the  occurrence  of  a  commercial  coniferous 
forest  largely  of  coppice  origin  is  very  unusual  in  any  other  species, 
a  discussion  of  the  function  of  coppicing,  the  sprouting  capacity  of 
the  tree,  and  the  way  in  which  the  sprouts  are  produced  is  of  interest 

1  other  pines  which  to  a  greater  or  less  degree  sprout  when  yocing  are  pitch  pine  (P.  rigUt),  pond  pioe 
(P.  9€roiiMa),  and  Pinut  elUhuahtMna  along  the  Mexican  border. 
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EXTENT  AND  NATURAL  LIMITATIONS. 


In  open-grown,  vigorous  stands,  shortleaf  successfully  coppices  up 
to  about  the  eighth  year,  and  in  slow-growing,  crowded,  or  shaded 
stands,  to  the  tenth  or  twelfth  years.  The  upper  limit  of  size  at 
which  coppicing  may  take  place  ranges  from  diameters  near  the 
ground  of  3  to  4  inches  for  vigorous  individuals  down  to  2  to  3  inches 
for  trees  of  slow  growth.  Thus  the  chief  limitation  seems  to  be  age, 
modified  by  the  general  vigor  and  size  of  the  individual  stem. 

Within  these  limits  shortleaf  is  known  to  coppice  repeatedly. 
Regions  of  frequent  fires  afford  opportunities  to  observe  the  effects  of 
repeated  burning  to  the  groimd  upon  younger-aged  stands.  Figure  7 
shows  diagrammatically  a  fully  stocked  stand  in  Arkansas,  composed 

fa 
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Fio.  7.— Vertical  section  thzoogli  three  successive  generations  of  shortleaf  pine  fire  coppice.    Pike  County, 
Ark.    (Drawn  from  actual  stand. ) 

of  three  successive  generations  of  coppice  resulting  from  fires  in 
1902,  1904,  and  1910.  Each  age  class  was  regular  and  normally 
stocked.  The  heights  averaged  17  feet  for  the  10-year-old,  11.5  for 
the  8-year-old,  and  2.5  feet  for  the  2-year-old  stand.  Similar  suc- 
cessive generations  of  coppice  are  commonly  met  throughout  all  the 
shortleaf  region.  Aroimd  the  margin  of  a  young  stand,  surface 
fires  bum  freely,  fed  by  the  better  growth  of  grass  and  light  dry 
materials  deposited  by  tiie  wind;  while  farther  within  the  stand  there 
is  less  ground  litter,  and  the  shaded  surface  is  often  too  moist  to  bum 
in  the  cool  season  when  fires  prevail. 

The  nimiber  of  successive  generations  of  sprouts  that  can  be  pro- 
duced from  an  original  parent  seedling  is  not  known.  Young  coppice 
of  the  second  generation  of  sprouts  is  readily  identified  imder  close 
observation.    It  occurs  abundantly  except  in  old-field  stands.    Three 
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successive  generations  of  coppice  have  been  definitely  identified;  but 
beyond  this,  evidences  of  the  past  history  of  the  tree  become  greatly 
obscured.  In  the  third  generation  of  sprouts  the  rate  of  height 
growth  appears  to  be  undiminished.  Practically  all  of  the  root 
system  is  utilized  by  the  new  generation.  As  an  eflFect  of  the  root 
energy  and  stored-up  food,  the  rate  of  early  height  growth  is  remark- 
ably rapid  and,  within  limits,  increases  with  the  age  of  the  parent 
tree  when  cut  or  burned  back.  As  a  rule,  during  the  first  two  to  four 
years,  depending  upon  the  age  of  the  parent,  the  sprouts  make  up 
completely  for  the  previous  loss  of  time  in  growth.  The  most  rapid 
height  growth  observed  was  in  a  4-year-old  fire  sprout  stand,  many 
trees  being  from  5  to  8  feet  in  height  and  the  tallest  9.6  feet.  The 
growth  in  height  of  thrifty  stands  of  fire  coppice,  based  on  measure- 
ments of  both  trees  and  whole  stands  up  to  18  years  old,  is  shown  in 
Table  6.  The  age  at  which  trees  of  sprout  origin  grow  at  approxi- 
mately the  same  rate  as  seedling  trees  is  not  precisely  known.  Under 
average  conditions  this  point  is  perhaps  between  the  fifth  and  ninth 
years.  In  general,  the  great  acceleration  in  growth  in  fire  sprouts 
takes  place  at  approximately  the  same  rate  in  diameter  and  volume 
as  in  height. 

CAUSE  AND  METHOD. 

Fire  and  cutting  are  the  chief  external  causes  for  the  sprouting  of 
shortleaf  pine.  The  physiological  cause  lies  in  the  capacity  of  short- 
leaf  pine  to  develop  on  the  upper  portion  of  the  root  and  lower  portion 
of  the  stem  special  reproductive  buds,  at  least  one  of  which  has  the 
same  function  as  the  central  terminal  bud  on  the  stem. 

The  double  crook,  at  the  upper  end  of  the  taproot  of  shortleaf  pine, 
characteristic  of  and  always  present  in  yoimg  trees,  seems  to  be  inti- 
mately associated  with  its  power  of  reproduction  by  sprouts.  By 
means  of  this  double  crook  a  horizontal  section  from  1  to  3  inches  in 
length,  varying  with  the  age,  is  formed  at  the  upper  end  of  the  tap- 
root. This  form  persists  during  the  first  8  to  12  years,  after  which  its 
identity  becomes  lost  through  the  increasing  thickness  of  the  annual 
accretions.  It  is  significant  that  the  capacity  for  sprouting  is  coinci- 
dent with  the  period  during  which  the  root  maintains  this  character- 
istic form.  During  this  period  adventitious  stem  buds  are  present 
and  may  readily  be  seen  along  the  horizontal  section  of  the  root'. 
The  corky  bark  here  is  imusually  thick,  affording  a  high  degree  of 
protection  against  ordinary  fires. 

The  killing  of  the  stem  is  followed  by  the  development  of  a  colony 
of  sprouts  at  the  base  of  the  stem  and  top  of  the  taproot,  usually  from 
6  to  1 2,  as  shown  in  figure  8,  and  not  infrequently  16  to  20.  Normally 
one  stem  (occasionally  two)  assumes  the  function  of  leader,  the  others 
being  more  or  less  procumbent  in  habit  and  serving  as  laterals  or 
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Fio.  8l— Sproot  shortleaf  pine  following  fire, showing  new  nprlght  stem,  secondary  spnmts.or  "laterals/- 
and  characteristic  crook  of  the  taproot.  Three-yearold  eoppicelrom  7-yqar-old  need  ling  parent.  (Drawn 
fh>m  actual  qieoimeo.) 
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feeders.  In  the  organization  of  the  sprout  colony,  the  correlation  of 
the  two  classes  of  vegetative  buds  of  the  tree  is  thus  carried  out.  In 
producing  normally  a  single  new  upright  stem,  shortleaf  resembles 
the  hickories,  in  contrast  to  the  oaks  and  chestnut,  which  conunonly 
mature  several  main  stems.  In  open  situations  and  understocked 
stands  a  tendency  to  develop  twin  stems  is  sometimes  seen  in  vigorous 
stands  of  shortleaf.  A  tendency  to  increase  the  number  of  stems 
above  two  appears  to  be  caused  directly  by  unfavorable  factors  of 
age,  weakness  of  the  parent,  poor  light  supply,  or  climatic  conditions. 
For  example,  as  many  as  42  coordinate  upright  stems  have  been 
counted  on  a  stump  4  inches  in  diameter,  cut  in  midsummer.  In 
coppice  stands  up  to  50  years  old,  a  few  twin  trees  will  usually  be 
found.  The  oldest  tree  of  undoubted  sprout  origin  observed  was 
226  years.^ 

Table  7. — Height  growth  of  dominant  shortleaf  pine  in  purej  wdlsiocked  stands  of  fire 

coppice  ongin.^ 


Age  (years).                         ,    ^,^^ 

Ag©  (years). 

Height 
(feet). 

1 

1.3 
2.7 

10 

1&8 

2 

11 

2a6 

3 

4.2 
5.8 
7.5 
9.5 
11.6 
13.9 
16.1 

12 

23.3 

4 

13 

26.0 

5  

14 

28.8 

6 

15 

31.7 

7  .            

16 

84.7 

8 

17 

37.9 

9 

18.       .     .            

41.0 

1  Based  on  100  individual  trees  and  the  average  trees  for  8  sample  plots  9  to  18  years. 

An  18-year-old  coppice  stand,  near  Glenville,  Nevada  County,  Ar'  . 
averaged  248  trees  per  acre.  Of  these,  71  trees  had  two  stems  eacii,  7 
had  three  stems,  and  1  had  four  stems,  or  a  total  of  336  stems  per  acB6. 
Thus  33  per  cent  of  the  trees  had  more  than  one  stem.  The  sprotit 
origin  of  the  stand  was  completely  identified,  but  there  is  no  recArd 
whether  the  cause  was  fire  or  chopping  to  clear  a  pasture.  Tlie  stand 
was  vigorous  and  averaged  44  feet  high.  The  average  diameters  of 
all  stems  was  6.3  inches,  while  that  of  the  trees  proper,  or  each  tree 
colony  taken  as  a  unit,  was  7.4  inches.  Three  colonies  of  twin  trees 
and  some  single  stems  are  shown  in  Plate  V. 

>  A  large  tvdn-stemmcd  tree  with  single  root  system  exposed  by  erosion  on  a  stream  bank.    There  wve 
others  of  nearly  the  same  size  and  form  In  the  same  stand. 
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Table  8. — NuwJber  o\ 


acre  and  number  of  tree  sterna  per  acre  in  18-year^ld  coppice 
'  jfstandy  Nevada  County ^  Ark. 


Trees  per  acre.* 

Total 

stems 

per 

acre> 

Diameter  breast  high  (faiches). 

Total 

1 

2 

3 

4 

2 

0 
28 
24 

9 
28 
27 
34 

6 
1 

0 
29 
36 
39 

47 
87 
39 
8 
6 
1 

6 

1 
8 
27 
18 
10 
5 
2 

30 

3 
3 

1 

1 

63 

72 

67 

47 

44 

10 

10 

6 

11 ^ 

1 

Total 

169 

71 

7 

1 

248 

336 

1  Individual  trees  with  one  or  more  stems,  as  the  case  may  be. 

As  a  result  of  the  tree's  vigorous  coppicing  during  early  life,  short- 
leaf  occurs  characteristically  in  even-aged  stands.  A  fire  after  6  to 
8  years  reduces  to  a  single  age  class  all  the  several  ages  of  yoimg 
growth  that  may  have  come  in  during  the  period.  This  has  been 
found  to  be  the  case  in  all  of  the  r^ons  studied.  It  is  significant 
in  this  connection  that  in  one  region  of  abundance  and  good  develop- 
ment of  shortileaf  ,*  two  age  classes  strongly  predominated  throughout 
the  whole  stand.  One  group  consisted  of  pure  stands  from  160  to 
180  y.ears  old  and  the  other  of  similarly  pure  stands  from  60  to  70 
years.  The  average  between  the  two  groups  is  105  years.  This  may 
be  looked  upon  as  indicating  the  occurrence  of  periods  of  either  tor- 
nadoes or  unusually  destructive  crown  fires.  'The  60-year-old  age 
dass  is  especially  abundant  over  the  region.  Old  local  records  may 
possibly  confirm  this  supposition  of  some  unusual  occurrence  of  the 
sort  indicated  between  the  years  1848  and  1852. 

SEASON   OF  TEAR. 

In  common  with  the  broadleaf  species,  the  sprouting  takes  place 
least  actively  following  midsummer  cutting.  Pastures  and  rights 
of  way  are  thus  commonly  treated.  In  one  instance  a  pastm*e  con- 
tained a  good  stand  of  vigorous  shortleaf-pine  sprout  saplings,  4  years 
old  and  from  6  to  10  feet  high,  representing  the  third  generation  of 
coppice  from  winter  or  early  spring  cutting.  Along  railroad  rights 
of  way  in  the  Arkansas  region,  it  is  common  to  see  dense  sprout 
thickets  of  shortleaf  pine  due  to  repeated  mowing.  The  forest-fire 
season  occurs  during  the  fall  and  late  winter.  This  is  during  the 
period  of  v^etative  inactivity,  and  such  burnings  generally  result 
in  vigorous  sprout  growth  the  following  spring. 

1  IContgomery  and  Pike  Counties  in  western  central  Arkansas. 


Digiti 


zed  by  Google 


26  BULLETIN  244,  U.   S.   DEPARTMENT  OF  AGRICULTUBB. 

METHOD  OF  DBTERMIKINa  SPROUT  ORIGIN. 

Determination  of  the  sprout  origin  of  shortleaf  pines  during  early 
life  is  possible  by  means  of  external  characteristics.  The  presence  of 
a  colony  of  two  or  more  living  stems,  also  the  presence  of  dead  stems 
or  stubs  of  the  parent  tree  (charred  in  the  case  of  fire),  and  the  large 
size  of  the  sapling  or  pole  in  relation  to  its  age  are  clear  evidence  of 
coppice  origin.  A  clean,  smooth  base  without  scars  or  adjacent  stubs 
indicates  seedling  origin.  This  evidence  is  sufficient  and  dependable 
up  to  about  the  eighth  year.  Dead  stems  from  2  to  5  feet  high, 
when  killed  by  fire,  will  ordinarily  be  foimd  standing  at  the  end  of 
the  third  year.  In  very  early  life  sprout  stands  may  be  found  to 
contain  a  considerable  number  of  twin  and  triple  colonies,  but  the 
number  decreases  rapidly  with  advance  in  age.    In  the  latter  stands. 


Fio.  9.— Determination  of  origin  of  shortleaf  pise  by  basal  sections  at  the  ground:  ii.  Tree  of  seedling 
origin;  B,  coppice  tree  64  years  old.  Diameter  of  core,  or  first  year's  gronrth,  Is  3  timet  and  crow  aaetlon 
area  8.9  times  that  of  tree  {A )  of  seedling  origin.    (From  photogr^dis.) 

trees  are  frequently  seen  with  dead  or  dying  stems,  forked  at  an 
acute  angle  or  emerging  from  their  sides,  at  distances  a  few  feet 
above  the  groimd.  Following  the  first  6  to  10  years  no  external 
characteristics  are  usually  apparent  except  occasionally  multiple 
living  stems. 

The  first  year's  stem  growth  of  trees  of  seedling  origin  is  about  as 
thick  as  a  darning  needle  and  2  to  4  inches  high,  while  the  corresponding 
growth  of  yoimg  coppice  sprouts  is  commonly  as  large  as  an  ordinary 
lead  pencil  in  diameter  and  about  double  its  length.  (Pig.  9.)  The 
following  few  years'  growth  in  each  case  is  on  a  proportional  scale. 
Thus  the  character  of  early  growth,  particularly  that  of  the  first  year, 
recorded  in  the  base  of  the  tree  and  visible  when  the  tree  is  cut  level 
with  the  ground,  affords  a  dependable  record  of  the  origin  of  the  tree. 
Coppice  trees,  furthermore,  usually  have  some  of  the  dead  stubs  of 
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the  former  generation  embedded  at  their  bases.  (Fig.  10.)  In  most 
cases  fire  has  been  the  cause  of  the  sprouting,  and  since  both  the  inclu- 
sion of  charred  stubs  and  the  size  of  the  core  can  readily  be  ascer- 


Fio.  ia~VertlcaI  section  fhnnigfa  baae  of  18-year-okl,  thrifty  shortleaf  pine  of  ooppioe  origin,  inriloBing  stab 
of  parent  stem.    (From  photograph.) 

tained,  if  present,  by  an  examination  of  the  extreme  base  of  the  tree, 
these  marks  embedded  similarly  in  a  number  of  trees  selected  at 
random  will  serve  to  confirm  the  coppice  origin  of  the  whole  stand. 
An  indication  of  origin  may  be  seen  in  low-cut  stumps  *  in  logging 

1  In  Artnnwt  •  to  9  ftodief  high  for  small  trees  and  1  foot  for  the  laiger  ones  are  onstomary  heights. 
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areas,  the  core  of  coppice  being  composed  of  large  conspicuous  rings 
in  contrast  to  the  small  rings  of  seedling  trees. 

ECONOMIC  VALUE. 

Fire  as  a  menace  to  young  pine  in  great  measure  prevents  capital 
from  going  into  what  otherwise  appears  to  be  a  paying  investm^t.- 
White  pine  in  New  England  is  a  well-known  example.  The  case  is 
somewhat  different  with  shortleaf ,  in  which  practically  the  only  fire 
loss  is  from  exceptionally  hot  fires  which  destroy  large  saplings  or 
pole  stands  too  large  to  sprout.  Repeated  burning  in  the  dormant 
seasons  of  the  year,  when  almost  all  fires  occur,  seems  to  offer  no 
appreciable  setback  for  at  least  three  sprout  generations.  Therefore 
the  element  of  firo  risk  in  the  production  of  all  important  eastern 
coniferous  species  is  reduced  to  the  minimum  in  shortleaf  pine  by 
its  vigorous  sprouting  habit.  This  feature  highly  recommends  ibe 
species  for  profitable  managment  throughout  its  range. 

GROWTH. 
HEIGHT. 

The  long  growing  season  throughout  most  of  its  range  and  its 
inherent  vigor  make  shortleaf  pine  a  tree  of  rapid  height  growth. 
In  situations  of  equal  favorableness  it  is  more  rapid  than  longleaf 
pine  and  only  slightly  less  so  than  loblolly  pine.  On  average  upland 
soils  typical  of  most  of  its  range  it  excels  its  most  conmion  associates 
among  the  oaks  and  hickories.  In  Arkansas  and  adjacent  States,  on 
the  better  sites  bigbud  and  bittemut  hickories  are  distinctly  below  it, 
yellow  and  Spanish  oaks  nearly  equal  it,  and  sweet  gum  slightly 
exceeds  it  in  height  growth.  In  the  Piedmont  and  Arkansas  r^ons 
height  growth  is  not  widely  different  on  similar  qualities  of  site. 
Table  9  shows  the  rate  of  growth  and  relation  of  heights  to  age  for 
the  two  regions.* 

Table   9. — Height  growth  of  shortleaf  pine,  hosed  on  age,  in  Arkansas  and  NbrA 

Carolina.^ 


WESTERN  ARKANSAS. 

Age  (years). 

Height. 

Age  (years). 

Height. 

Average. 

IfinlmunL 

Avenge. 

yttii—m- 

20 

Feet, 
51 
56 
59 
62 
64 
66 
68 
69 
71 
72 
74 
75 
76 
78 

Feet, 
45 
50 
54 
67 
60 
62 
64 
65 
66 
67 
60 
70 
71 
72 

Feet, 
87 
43 
48 
52 
54 
57 
59 
60 
62 
63 
64 
65 
65 
66 

90 

FeeL 
79 
80 
81 
83 
85 
87 
88 
89 
90 
91 
92 
98 
93 

FeeL 

n 

74 
74 
76 
77 
78 
79 
80 
81 
81 
82 
83 
81 

FlteL 

67 

25 

95 

66 

80 

100 

68 

35 

110 

6» 

40 

120 

70 

45 

130 

n 

50 

140 

71 

65 

150 

n 

60 

160 

n 

65 

170 

n 

70 

180 

71 

75 

190 

71 

80 

200 

n 

85    

1  Table  7  shows  the  height  growth  of  shortleaf  known  to  be  of  oopploe  origin. 

•  The  Arkansas  table  b  based  on  age-height  measurements  of  285  trees  and  dJameter^Migbt  of  ^214 
trees;  the  North  f!arolhia  table  is  based  on  age-height  measuremaots  of  832  trees  and  dfamntg^Aei^  of  8M 
trees. 
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Table  9. — Height  growth  of  shortleaf  pine,  haaed  on  age,  in  Arkansas  and  North 

Carohnor— Continued . 

PIEDMONT  REGION,  NORTH  CAROLINA. 


Age  (years). 

Height. 

Age  (yeara). 

Height. 

Mftxlmuni. 

Average. 

Minimum. 

iCaxImom. 

Average. 

wJlTlfTTll'iyifl, 

5 

Feet. 
22 
48 
63 
69 
71 
73 
74 
75 

Feet. 
13 
29 
42 
50 
57 
61 
63 
65 

Feet. 

45.     ... 

leet. 
76 
76 
76 
77 
77 
77 
78 
78 

Feet. 
67 
68 
69 
69 
70 
70 
70 
71 

Feet. 

40 

10 

10 
15 
20 
25 
29 
83 
36 

50 

43 

15 

56 

45 

20 

60 

48 

25 

66 

49 

30....^ 

70 

51 

35..::?:::.::. 

75 

53 

40 

80 

55 

During  early  life  the  terminal  leader  of  shortleaf  pine  commonly 
forms  from  two  to  four  secondary  or  false  terminal  nodes  during  the 
growing  season.  These  are  accompanied  by  false  rings  of  growth  in 
the  wood,  usually  plainly  marked  and  apt  to  be  mistaken  for  true 
rings. 

The  influence  of  side  light  upon  height  growth  is  well  illustrated  in 
figure  5,  showing  a  10-year-old  stand  of  shortleaf  with  the  east  and 
west  side  light  cut  off  by  an  adjacent  stand.  The  heights  increase 
from  2  feet  near  the  margin  to  22  feet  under  full  light.  This  illus- 
trates very  well  the  need  of  light  for  development,  and,  at  the  same 
time,  the  power  of  endurance  of  shortleaf  under  limited  light  supply. 
A  9-year-old  stand  with  3,800  trees  per  acre  averaged  19  feet  high 
as  compared  with  only  16  feet  for  a  near-by  stand  of  the  same  age 
and  on  similar  soil  with  12,200  trees  per  acre.  Two  adjacent  young 
stands,  similar  in  all  points  except  tree  density,  averaged  9  feet  high 
for  4,100  trees  per  acre  and  5  feet  high  for  32,000  trees  per  acre. 

DIABiETER. 

The  rate  of  diameter  growth  of  shortleaf  pine  is  intermediate  be- 
tween that  of  loblolly  and  that  of  longleaf  pine,  the  slowest  of  the 
important  southern  pines.  Besides  the  well-defined  annual  rings  of 
wood  which  clearly  record  diameter  growth,  from  two  to  four  ter- 
minal nodes  in  the  stem  of  the  tree,  accompanied  by  slight  resting 
periods  in  the  tree's  activity,  usually  occur  during  the  period  of 
vigorous  growth  in  earher  hf e.  These  growth  periods  are  recorded  by 
fine  lines  of  denser  wood  within  the  true  annual  rings.  Periods  of 
injiuy,  caused  by  insect  attack,  fire,  or  severe  drought  during  which 
growth  is  temporarily  checked,  usually  have  the  same  effect.  Such 
lines,  forming  false  rings,  are  frequent  in  shortleaf  pine,  and  must  be 
distinguished  in  examining  a  cross  section  for  age.  Prominent  bands 
of  wood  stained  brown  in  color  are  particularly  apt  to  be  found  in 
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young  shortleaf  and  erroneously  mistaken  for  true  annual  rings  of 
growth. 

Diameters  throughout  this  bulletin,  unless  otherwise  stated,  are 
measured  at  breast  height  (4i  feet  above  the  ground).  Table  10 
shows  the  diameter  growth  based  on  age  for  the  Piedmont  r^on  of 
North  Carolina  and  for  western  Arkansas.  The  tables  may  be  con- 
sidered as  broadly  applicable  to  large  areas  within  the  two  specified 
regions,  since  differences  in  growth  over  large  areas  are  not  important 
except  as  caused  by  local  variation  in  quality  of  situation. 

Table  10. — Diameter  growth  of  shortleaf  piney  on  the  basis  of  age,  in  Arkansas  and  f^orth 

Carolina.^ 

WESTERN   ARKANSAS. 


Age  (years). 

Diameter  breast  high. 

I 
Age  (years). 

Diameter  breast  high. 

Maximum.     Average. 

Minimum. 

Maximum. 

Average. 

Hinimam. 

20       

Inches.     '     Inches. 

1.2  \                5-7 

Inches. 
4.3 
5.4 
6.4 
7.4 
8.2 
9.0 
9.7 
10.3 
10.8 
11.3 
11.8 
12.2 
12.6 
12.9 

90 

Inches. 
18.5 
19.0 
19.4 
20.3 
21.1 
21.7 
22.8 
22.8 
23.2 
23.6 
23.9 
24.1 
24.3 

15^9 
16.3 
16.6 
17.3 
17.8 
18.3 
18.7 
19.0 
19.3 
19.6 
19.7 
19.9 

2ai 

IndM, 
13.3 

25 

8.6 
9.9 
11.0 
12.0 
12.8 
13.6 
14.4 
15.1 
15.7 
16.3 
16.9 
17.5 
18.0 

7.0 
8.1 
9.1 
10.1 
10.9 
11.7 
12.3 
12.9 
13.5 
14.0 
14.5 
15.0 
15.5 

95 

13.6 

30 

100 

13.8 

35 

110 

14.2 

40 

120 

14.6 

45 

130 

14.9 

50 

140 

15.1 

55 

150 

15.3 

60 

160 

15.4 

65 

170 

15.5 

70 

180 

15.6 

75 

190 

15.7 

80 

200 

15.8 

85 

PIEDMONT  REGION, 

NORTH  CAROLINA. 

5 

2.0 
5.9 
9.2 
11.6 
13.3 
14.5 
15.6 
16.5 

0.9 
3.0 
4.9 
6.3 
7.5 
8.4 
9.2 
9.9 

45 

17.1 
17.6 
18.0 
18.4 
18.7 
19.0 
19.2 
19.4 

10.5 
11.0 
11.4 
11.7 
12.1 
12.4 
12.7 
13.0 

4.5 

10 

0.6  1 

1.2 

1.8 

2.4 

3.0 

3.5 

4.0 

50 

5.0 

15 

55 

5.4 

20 

60 

5.8 

25 

65 

6.1 

30 

70 

6.4 

35 

75 

6.8 

40 

80 

7.4 

1  The  table  for  Arkansas  is  based  on  brectst-high  diameter  measurements  of  285  trees  and  84  trees  repre- 
senting the  average  of  even-aged  plots;  the  North  Carolina  table  is  based  on  decade  measurements  an  332 

stumps,  26  to  89  years  old. 

The  close  relation  between  tree  density  and  growth  in  diameter  is 
illustrated  in  Table  11,  compiled  from  measurements  on  imit  areas 
of  different  density  of  trees  of  a  30-year-old  fully  stocked  shortleaf 
stand.  In  seven  consecutive  sample  areas  of  one-tenth  acre  each, 
the  size  of  the  diameter  class  prevailing  on  each  plot  increased  r^u- 
larly  with  a  corresponding  regular  decrease  in  the  number  of  trees 
per  acre.  So  far  as  is  known  this  dose  relation  holds  true  for  all 
pure  stands  of  shortleaf  pine. 
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Table  11. — Relation  of  tree  density  and  diameter  growth  in  30-year-old  pure  stands  of 
shoriUaf  of  varying  densities,  Arkansas  National  Forest,^ 


PrevmlUne  diameter  class 

$lCh«8).« 

Tree  den- 
sity (trees 
per  acre). 

Decrease 

(trees  per 

acre). 

PreTaiUng  diameter  class 
(inches).* 

Tree  den- 
sity (trees 
per  acre). 

Decrease 

(trees  per 

acre). 

4 

800 
720 
640 
560 

8 

475 
390 
300 
210 

85 

5 

80 
80 
80 

9 

85 

0 

10 

90 

7 

11 

90 

1  Based  on  sevoi  plots  in  the  same  stand  of  varying  density,  but  having  uniform  soil  conditions, 
fl  The  diameter  class  having  the  largest  number  of  trees  in  the  individual  stand. 

VOLUME  GROWTH. 

The  merchantable  contents  of  a  tree  obviously  depends  upon  total 
height  and  diameter  taken  at  successive  points  along  the  stem.  The 
rise  in  percentage  of  the  rate  of  increase  in  the  volume  of  shortleaf 
pine  in  common  with  most  trees  cuhninates  at  a  comparatively  early 
age,  considerably  prior  to  the  year  of  maximum  prociuction  of  wood 
for  the  individual  tree.  Furthermore,  the  highest  annual  production 
of  wood  is  reached  somewhat  earlier  than  the  production  of  saw 
timber.  In  stands  of  relatively  equal  density  those  on  the  poorer 
sites  and  near  the  margin  of  natural  distribution  reach  the  maximimi 
rate  of  volume  production  at  a  later  age  than  similar  stands  on 
more  favorable  sites  and  more  centrally  situated  within  the  r^on  of 
distribution.  For  example,  the  individual  trees  in  stands  in  Missouri, 
West  Virginia,  and  New  Jersey  apparently  show  the  greatest  annual 
wood  increment  at  about  70  years,  but  in  North  Carolina  the  culmi- 
nation is  reached  at  about  50  years,  and  in  Arkansas  at  about  35 
to  40  years.*  The  contents  in  board  feet  and  cubic  feet  of  trees  of 
different  ages,  up  to  80  years,  for  two  qualities  of  site,  are  shown  in 
Table  12. 

Taslb  12. —  Volume  of  shortleaf  pine  in  North  Carolina,  based  on  age  for  two  site  classes, 

fP—ed  on  diameter  growth  of  332  trees,  and  volume  table.    Stump  height,  1  foot  for  trees  6  to  16  inches; 

1.5  feet  for  trees  17  indies  and  over.] 


Age  (years). 


Saw  timber. 

OOlld  OC  UMUIS,  ■ 

Sorfbner  rule. 

Doyle  rule. 

Qaallty 

Quality 

Quality 

Quality 

Quality 

Qo^iOity 

Boardfeet, 
100 

Boardfeet. 

Boardfeet. 
17 
50 

Boardfeet. 

Cubkfeet. 
13.5 
24 

OubiefeeL 

6 

3 

2.6 

147 

23 

87 

7 

34 

6.7 

186 

38 

125 

11 

43 

10.3 

221 

51 

160 

17 

50 

13.8 

251 

63 

191 

24 

56 

16.7 

275 

75 

216 

82 

61 

19.3 

296 

80 

237 

39 

65 

22.0 

315 

96 

255 

46 

69 

24.0 

331 

105 

271 

53 

72 

26.0 

345 

113 

284 

60 

75 

28.0 

357 

121 

296 

66 

78 

29.0 

369 

129 

306 

73 

80 

81.0 

381 

135 

316 

79 

82 

32.0 

IS 

ao 

25 

30 

35 

40 

Wi 

50 

» 

50 

iS 

TO 

rs 

lO 


1  per  vdome  tables  of  shortleaf  pine  based  upon  height  and  logs  per  tree,  see  a  forthcoming  bulletin  on 
*  ont  of  shortleaf  pme. 

iding  bark,  between  stump  and  top  diameter,  outside  bark,  of  5.5  inches. 


j^^  Xmaporiaaob  and  managenumt  of  shortleaf  pine, 
s  Total  volume  of  stem,  ibchK 
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RECOVERY   AFTER  SUPPRESSION. 

Shortleaf  pine  possesses  to  a  high  degree  the  ability  to  recover  after 
suppression.  TUs  feature  is  well  exhibited  in  a  rapid  increase  in 
diameter  growth  following  an  increase  in  the  supply  of  light.  Events 
of  any  sort  which  produce  changes  in  stand  densities  are  recorded 
in  quite  a  remarkable  manner  by  shortleaf  pine. 
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Fig.  11.— EfTect  of  an  ice  storm  upon  subsequent  diameter  growth  in  a  23-3rear-old  crowded  shortleaf  stand. 
Tree  1,  formerly  dominant,  permanently  bent  over  by  ice  and  suppressed  for  a  period  of  14  yoars;  tne 
2,  formerly  partially  suppressed,  given  more  light  by  the  storm,  vigorous  and  dominant  for  the  past  14 

years. 

The  eflfect  of  a  heavy  ice  storm  upon  a  thrifty  22-year-old  fully 
stocked  stand  in  Nevada  County,  Ark.,  as  recorded  by  the  diameter 
growth,  is  seen  in  figure  11  and  Plate  VIII.  The  storm  occurred  in 
December,  1898,  and  the  stand  in  1912  was  36  years  old.  The  heavy 
ice  bent  over  many  of  the  larger-crowned,  dominant  trees,  thereby 
opening  up  many  smaller-crowned,  middle  and  lower  class  trees. 
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Section  Through  Base  of  65-Year-Old  Twin  Shortleaf  Pine  of  Sprout  Origin. 
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Rapid  Recovery  of  Shortleaf  Pine  after  Suppression.  Effect  of  Natural 
Thinning  by  Tornado,  31  Years  Ago,  upon  Tree  58  Years  Old.  Arkansas 
National  Forest. 
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Plate  VIII. 
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Fia  1  .—Effect  OF  Nantucket  Tip  Moth  (Left)  on  8-Year-Old  Coppice  Short- 
leaf.   Trees  Same  Age  and  Height  at  Opening  of  Season. 


Fig.  2.— Effect  of  Ice  Storm  After  a  Lapse  of  14  Years. 
INJURY    BY    INSECTS   AND    HEAVY    STORMS. 
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Plate  X. 
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The  storm  lasted  for  nearly  a  week  and  many  of  the  bent  trees  which 
were  given  a  permanent  **set''  were  alive  after  14  years  of  suppres- 
sion. The  record  of  interchange  of  crown  classification  and  resultant 
growth  is  well  illustrated  in  the  breast-high  sections  of  two  repre- 
sentative trees  shown  in  the  illustration.  In  the  10-year  period  fol- 
lowing the  storm,  the  tree  suppressed  by  the  ice  changed  from  97  per 
cent  to  13  per  cent  rate  of  diameter  growth,  while  an  adjacent  anrf 
formerly  partly  suppressed  tree  showed,  as  a  result  of  the  opening  up, 
an  increase  of  growth  from  65  to  122  per  cent. 

An  immediate  response  in  diameter  growth  at  the  age  of  58  years 
is  exhibited  in  Plate  VII,  showing  a  representative  tree  opened  up  31 
years  prior  by  a  tornado  in  Montgomery  County,  Ark.  As  a  result 
of  this  natural  thinning  the  growth  averaged  8  rings  to  the  inch  for 
the  30  years  following  as  compared  with  16  rings  per  inch  for  the  30 
years  preceding  the  natural  thinning.     The  increase  in  basal  area 


• 

.mil  .illil  .ilill  ...II  .llli  Jill 

mil  iilll 

LAST  COU/MM  Mf  £/tCM  OKM/f  ^/ioms  S^OtTTTf  rOfi  S  r£AJf  P£Jf/OD  SfUC£  LO&GWS 

Fio.  12l— Increased  rate  of  growth  of  7  representative  shortleaf  pine  trees  on  a  typical  cut-over  tract,  out 
5  yean  ago.  Growth  in  basal  area  at  breast  height,  for  successive  5-year  periods ,  during  the  past  30  years. 

was  487  per  cent  during  the  latter  period.  The  immediate  recovery 
is  shown  by  the  increase  during  the  first  season.  The  tornado  made 
a  clean  sweep  along  the  center,  about  one-half  mile  in  width,  and  a 
thinning  of  decreasing  degree  toward  the  mai^n  of  its  path,  which 
was  about  14  miles  in  length. 

The  ability  of  a  species  to  recover  from  suppression  can  be  ascer- 
tained by  a  study  of  cut-over  areas  following  logging  operations. 
Tlie  stimulation  in  growth  of  shortleaf  pine  on  a  typical  cut-over  tract, 
h^ed  to  an  approximate  minimum  stump  diameter  of  14  inches*  5 
years  prior  to  the  examination,  is  shown  graphically  in  figure  12,  baaed 
on  Table  13.  The  increase  in  basal  area  during  the  five  years  following 
Urging  is  contrasted  with  the  increases  for  the  five  preceding  five-year 
periods.  Practically  all  trees  observed  showed  stimidated  growth  due 
to  thinning  and  increased  light  supply.  Trees  formerly  suppressed, 
however,  grew  relatively  much  faster  after  the  logging.    The  least  gain 

^  HeUbib  AriL,  near  the  Arkansas  National  Forest,  logged  hi  1907  and  exanUned  hi  1912. 
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in  basal  area  at  breast  height  was  75.4  per  cent,  the  largest  311  per 
cent,  and  the  average  for  7  representative  trees  was  171-4  per  cent 
over  their  former  rates  of  growth.  The  trees  ranged  from  45  to  101 
years  old  at  the  time  of  the  logging,  but  most  of  them  were  between 
60  and  70  years.  Since  height  growth  was  mainly  complete  at  this 
age,  it  is  perfectly  safe  to  say  that  the  volume  increment  of  the  trees 
took  place  at  approximately  the  same  or  possibly  at  a  somewhat 
greater  rate,  because  of  the  greater  increase  in  the  size  of  the  upper 
part  of  the  stem  at  this  age. 

Table  L3. — Comparative  growth  of  shortlea/in  five-year  periods  before  and  after  logging.  * 


Age  at 
time  of 
logging. 

Increase  In  basal  area  (breast  height). 

Five-year  periods  prior  to  logging. 

Five- 
year 

I«l-Sf2. 

Rate  of 
increase 

Tree  No. 

1883-1887 

1888-1892 

1893-1897 

189»-1902 

Un3-1907 

since 
logging 
overpre^ 

vions 
five-year 
periods. 

1 

45 
57 
65 
6.5 
69 
69 
101 

Sq.  in. 
4.2 
2.0 
4.6 
1.7 
4.5 
3.2 
5.8 

Sq.  in. 
4.9 
6.2 
7.2 
3.6 
9.5 
10.1 
6.0 

8q.  in. 
5.6 

13.0 
7.8 
3.9 

10.5 
8.2 
6.3 

8q.  in. 
6.5 
8.1 
5.6 
6.3 
8.6 
11.8 
6.5 

8q.H. 
8.2 
6.8 
8.8 
6.9 
6.0 
12.8 
6.8 

8q.  in. 
14.4 
12.4 
15.8 
24.0 
16.1 
52.7 
18.0 

Perent. 
75.4 

2 

S3.0 

3 

80.3 

4 

247.9 

5 

166.6 

6 

311.2 

7 

1619 

1 

Average 

67 

3.7 

6.8 

7.9 

7.6 

8.0 

21.9 

in.  4 

»  Typical  shortleaf  stand  cut  5  years  ago  to  an  approximate  diameter  limit  of  14  inches  in  average  qoality 
site  in  western  Arkansas. 

CAUSES  OP  INJURY. 

FIRE. 

The  damage  to  forest  growth  caused  by  fire  far  exceeds  the  com- 
bined effect  of  all  other  injurious  agencies.  At  the  same  time,  this 
cause  of  injury  is  the  most  susceptible  to  control  of  man.  The  amiual 
burning  of  the  forest  floor,  extensively  practiced  in  the  past  through- 
out the  shortleaf  region,  has  been  done  with  little  realization  of  the 
damage  to  the  forest.  Shortleaf  which  has  passed  the  earUer  stages 
suffers  much  permanent  inj  ury  from  fire.  Abimdant  seeding,  low  resin 
content  of  the  wood,  and  early  rapid  height  growth,  in  addition  to 
sprouting,  afford  shortleaf  perhaps  the  best  chance  of  any  of  the  im- 
portant southern  pines  to  survive  under  adverse  conditions  caused  by 
fire,  but  in  spite  of  these  favorable  characteristics  much  loss  and  injury 
occur. 

Completely  stocked  stands  of  shortleaf  over  20  years  in  age  are 
rarely  found  in  tracts  of  considerable  size,  except  in  old  fields  and  in 
other  situations  where  fire  has  been  practically  excluded.  As  a  rule, 
the  stand  is  irregular  in  density,  with  many  small  openings,  for  whidi 
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fire  is  chiefly  responsible.  The  heaviest  direct  injury  to  the  stand 
occurs  just  after  the  ages  of  8  to  12  years,  because  prior  to  this  time 
the  young  forest  is  quickly  restored  by  its  power  of  coppicing. 
Repeated  burnings,  however,  cause  a  setback  which  the  tree  is  able  to 
maJce  up  only  in  part.  In  older  trees  the  effect  of  frequent  fires  is 
cumulative  in  weakening  the  tree  at  its  base,  resulting  in  its  over- 
throw during  high  wind.  Although  not  so  complete  in  the  case  of 
shortleaf  as  in  that  of  the  more  resinous  longleaf ,  the  sort  of  decima^ 
tion  of  stands  is  continuous  and  rapid  where  fire  occurs  frequently. 
External  injury  and  loss  in  vitality,  due  to  excessive  heat,  open  up 
avenues  of  ready  attack  by  insects  and  fungi. 

Ordinary  surface  fires  usually  develop  sufficient  heat  to  kill  back 
trees  up  to  6  or  8  feet  in  height,  and  to  injure  trees  from  about  7  to  12 
feet  in  height.  Basal  fire  scars  heal  rapidly,  and  during  intervals 
between  fires  thrifty  pole  and  standard  trees  usually  succeed  in  com- 
pletely covering  them.  Such  cases  are  quite  frequently  noted  in  ex- 
amining the  tops  of  stumps.  The  damage  and  loss  due  to  fire  is  mainly 
in  the  form  of  defective  lumber  and  reduced  yield  per  acre  from  the 
stand,  which  may  be  ascertained  by  measuring  the  yields  from  well- 
stocked  groups  selected  within  a  stand  and  comparing  them  with  its 
total  yield.  The  wide  difference  between  the  two  is  perhaps  the  most 
impressive  measure  of  the  beneficial  effect  of  protection,  since  fire  can 
safely  be  considered  one  of  the  most  active  causes  of  the  poorly 
stocked  condition  of  our  forest  stands. 

INSECTS  1   AND  MAMMALS. 

Of  all  insects,  the  southern  pine  beetle  (Dendroctonus  frontalis 
Zimm.)  is  undoubtedly  the  most  injurious  to  shortleaf  pine.  It  is 
active  throughout  the  warmer  portions  of  the  year,  passing  through 
the  bark  to  the  cambium,  or  living  layer,  and  there  eating  out  long, 
winding  furrows  or  egg  galleries,  which  partially  girdle  and  weaken  the 
tree.  The  eggs  hatch  into  grubs,  which  feed  on  this  tissue,  completing 
the  girdling  and  destroying  the  tree.  Serious  invasions  of  this  insect 
occurred  in  1890,  1893,  and  1910.  The  last  outbreak  led  to  a  special 
study  by  the  Bureau  of  Entomology,  whose  report,*  describing  fuUy 
its  life  history  and  giving  recommendations  for  controlling  the  insect 
pest,  may  be  obtained  upon  apphcation  to  the  Division  of  Publica- 
tions, Department  of  Agricidture,  Washington,  D.  C.  It  has  been 
demonstrated  that  using  trees  that  die  in  the  fall  and  early  winter  for 
fuel  or  other  purposes  during  the  winter  serves  both  to  control  the 
beetle  and  to  prevent  its  outbreak.  This  is  an  important  point  to 
bear  in  mind  in  handling  shortleaf  stands. 

>  For  ftartfaer  iDformation  in  regard  to  causes  of  b^iiiy  by  insects,  apply  to  the  Office  of  Insect  Investiga- 
tioos.  Bureau  of  Entomology,  U.  8.  Department  of  Agricoltore. 

•  Fanners'  Bulletin  476,  "The  Dying  of  Pine  in  the  Southern  States:  Cause,  Extent,  and  Remedy," 
U.  8.  Department  of  Agriculture.  Also,  Bureau  of  Entomology  Bulletin  83,  Part  I,  "Bark  BeeUes  of  the 
Qenas  Dendroctonus,''  by  Dr.  A.  D.  Hopkins,  p.  50. 
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The  Nantucket  pine-tip  moth  (Retinia  frustrana  Scud.)  attacks 
and  deforms  the  rapid-growing  tips  of  branches.  The  attack  of  this 
insect  is  locally  the  most  perceptible  injury,  but  the  insect  is  not  a 
serious  menace.  The  presence  of  dead  tips  and  pitch  exudations  are 
the  characteristic  external  signs  of  the  attack,  usually  equally  present 
on  other  pines,  for  the  insect  is  widely  distributed  and  attacks  without 
apparent  discrimination  practically  all  pines.  As  a  rule,  the  insect 
is  not  abundant  for  more  than  one  or  possibly  two  years.  By  virtue 
of  its  high  vigor  and  its  capacity  for  forming  new  shoots,  shortleaf 
pine  recovers  rapidly  after  an  attack,  suffering  mainly  the  loss  of 
time  during  the  period  of  arrested  growth. 

Trees  cut  or  thrown  during  the  smnmer  months  soon  become  in- 
fested with  larvse  of  the  southern  pine  sawyer,  or  borer,  known  com- 
monly as  a  ''flathead.''  *  The  larvee  of  this  genus,  Monohammus? 
hatched  from  eggs  laid  under  the  bark,  feed  on  the  rich  sapwood,  but 
seldom  penetrate  to  the  heartwood.  They  never  attack  living  trees 
in  the  South.  Rapid  drying  of  the  logs  is  the  surest  prevention;  so 
that  trees  cut  in  the  summer  months  shoidd  be  removed  from  stands 
to  dry  situations  exposed  to  sun  and  wind,  or  barked  and  opened  up 
fully.     Immersion  in  water  where  possible  is  the  simplest  remedy. 

Mice,  chipmunks,  squirrels,  and  birds  are  very  destructive  of  seed, 
and,  to  some  degree,  of  seedlings.  The  abundant  production  of  seed, 
however,  accounts  for  the  plentiful  regeneration  of  shortleaf  in  spite 
of  these  enemies.  On  account  of  the  small  size  of  the  seed,  hogs 
destroy  little  or  none  directly,  and  they  cover  many  in  the  process  of 
rooting,  so  that  the  hog  is  to  be  looked  upon  rather  as  a  benefit  than 
a  menace  to  the  shortleaf  forest.  In  mixed  pine  and  nut-bearing 
forests,  the  presence  of  the  hog  is  decidedly  favorable  to  the  regen- 
eration of  pine  through  the  destruction  of  the  hardwood  seeds.  In 
artificial  forestation,  mammals  and  birds  are  always  one  of  the  chief 
sources  of  injury,  because  they  destroy  large  quantities  of  seed. 

FUNGI. 

The  southern  timber  pines  as  a  group  are  not  badly  infested  with 
timber-destroying  fungi  until  advanced  in  age  or  well  past  maturity. 
Up  to  100  years  of  age,  shortleaf  pine  is  remarkably  low  in  suscepti- 
bility to  fungus  attack;  above  this  age,  and  especially  after  the  age  of 
about  150  years,  in  regions  subject  to  frequent  fires,  fungi  are  more 
prolific  and  more  easily  gain  a  foothold  in  the  tree. 

Three  species  of  fungi  are  more  or  less  conmion  in  shortleaf  pine 
and  cause  nearly  all  of  the  wood  rot  conmionly  known  as '  'redheart."  • 
Two  species  of  fimgi,  Polyporus  schweimtzU  and  Polyporus  svl- 
phureiLSy  enter  the  tree  through  wounds  on  the  butt  or  on  the  stool  of 

1  The  insect  is  really  a  roimdheaded  borer,  and  not  a  member  of  the  flat-heeded  group, 
s  Chiefly,  Manokammus  tittlator  Fab.    See  Boreao  of  Entomology  Bulletin  58,  "Some  Inaeets  IqJarioaB 
to  Forests,"  p.  41. 
*  Long,  W.  H..  Oflloe  of  Forest  Pathology,  U.  8.  Department  of  Agrloultore. 
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the  tree  just  below  the  surface  of  the  ground,  causing  butt  rot;  and 
one  enters  through  branch  stubs,  knot  holes,  or  other  openings 
through  the  living  sapwood  in  the  upper  portion  of  the  tree,  pro- 
ducing the  true  redheart.  This  disease  is  probably  the  most  usual 
and  is  caused  by  Trametes  jnni.  It  travels  downward  and  sometimes 
reaches  to  the  base  of  the  tree,  leaving  the  wood  firm  rather  than  pow- 
dery, of  a  rich  or  dark  reddish  color,  and  permeated  by  oval  or  lens- 
shaped  pockets  of  a  light-gray  color.  The  weU-known  dark-colored 
'Spunks,"  or  fruiting  bodies,  are  almost  invariably  from  this  species, 
since  the  other  two  common  fungi  have  annual  fruiting  bodies. 

The  Polyporus  schweinitzii  leaves  the  wood  in  characteristic  brown- 
colored  cubical  blocks.  The  fruiting  bodies  are  hairy  on  top,  brown 
inside,  and  weather  brown.  They  are  short-lived  and  are  seldom 
seen.  The  sporophore  or  **punk"  of  Polyporus  sulphur eus  is  yellow 
on  the  outside  changing  to  white,  and  its  contents  is  white.  Its 
work  may  be  known  by  characteristic  white  bands  of  mycelium, 
which  radiate  outward  from  the  center  of  the  tree,  filling  the  cracks 
in  the  rotted  wood  with  felt-like  masses  of  fungous  tissue. 

In  cutting  stands  up  to  70  years  old  heart  rot  is  found  infrequently. 
The  liability  to  infection  increases  with  the  declining  vitality  of  the 
tree.  In  one  representative  even-aged  forest  stand,  60  to  65,  years  in 
central  Arkansas,  only  2.2  per  cent  of  the  logs  showed  injury  by  fungi. 
In  four  large  even-aged  groups  of  shortleaf  pine,  170  years  old,  the 
diseased  logs  ranged  from  20  to  27  per  c^it  of  the  total  number  of  logs 
utilized,  or  17.4  per  cent  of  all  logs,  including  sound  logs  left  in  the 
tops,  which  are  merchantable  or  will  be  soon.  A  record  of  the  in- 
fected logs  in  virgin  timber  at  a  large  sawmill  in  Pike  County,  Ark,, 
for  March,  April,  and  May,  1912,  showed  25,689  sound  logs  and  4,430, 
or  14.7  per  cent  of  the  total  logs,  unsound.  The  log  scale  was  slightly 
more  than  3  J  miUion  board  feet.  The  average  run  of  infected  timber 
for  central  Arkansas  is  further  indicated  in  Table  14. 

Table  14. — Amount  of  ^'redheart"  infection  in  average  forest  run  shortleaf  piney  tnostly 

60  to  180  years  old/ 


Date. 


Total  cat 
for  montlL 


Redheart 
defect. 


Peroentage 
sotxud. 


Percentage 
infected 

with 
redheart. 


Jane 

July 

August..... 
Septflonber. 
October.... 
Norember.. 
Deoember.. 


1912. 


January. . , 
February. 
ICarch.... 


1913. 


147,116 
754,610 
018,638 
994,102 
178,236 


Board/eet. 
232,685 
203,769 
250,639 
155,513 
143,307 
119,339 
87,027 

128,436 
85,723 
118,602 
100,662 
110,996 


12 
13 
10 
08 
U 
U 
GO 

11 
11 
U 
10 
09 


Total 15,511,546       1,745,780 


1  Iixaudes  both  butt  rot  and  true  redheart.    TaUy  for  a  large  representative  mOl  in  Clark  County,  Ark. 
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In  a  year's  forest  cut  of  shortleaf  timber  the  average  loss  by  red- 
heart  was  11  per  cent  of  the  total  cut.  The  trees  were  mostly 
between  60  and  180  years  old,  some  being  200  years  old. 

The  wounds  through  which  the  spores  enter  the  tree  are  caused 
partly  by  wind  and  sleet  storms  breaking  the  branches,  but  more 
largely  by  fires,  which  kill  a  portion  of  the  sapwood,  thus  exposing 
the  heartwood  to  infection.  Thrifty  yoimg  trees  are  to  a  consid- 
erable extent  protected  from  infection  by  the  resinous  exudations 
which  quickly  form  over  wounds.  The  "punk/'  or  fruiting  bodies, 
of  the  fungus  frequently  occur  near  the  place  of  attack,  and,  for  butt- 
rotting  fungi,  are  usually  located  on  the  lower  half  of  the  trunk. 
The  damage  can  be  very  largely  controlled  by  eliminating  the  chief 
cause — fire.  In  the  more  intensive  management  of  small  tracts  of 
timber,  so  far  as  possible  the  diseased  trees  should  be  felled.  The 
removal  from  the  tree  of  the  sporophores,  or  "pimks,''  is  of  slight 
temporary  benefit  only,  since  it  stimulates  the  formation  of  new 
fruiting  bodies  at  other  places  on  the  tree. 

Sap  stain,  or  ''bluing"  of  the  sapwood,  generally  agreed  among 
investigators  to  be  the  direct  result  of  a  fungus,  is  the  most  per- 
ceptible and  the  most  controllable  form  of  fungous  injury.  The 
reduction  in  value  of  stained  lumber  results  in  enormous  annual, 
loss.  Since  moisture  and  heat  are  favorable  to  the  development 
and  spread  of  the  organism,  the  South  suffers  badly,  but  the  pres- 
ence of  resin  in  the  pines  aids  in  checking  the  attack.  In  addition 
to  the  usual  method  of  rapid  drying  of  the  wood,  experiments  have 
been  conducted  in  chemically  treating  the  wood  of  shortleaf  pine 
with  a  view  of  preventing  attack  from  sap-stained  fimgi. 

WIND  AND  UGHTNING. 

Over  the  greater  part  of  its  range,  shortleaf  is  only  slightly  sus- 
ceptible t<)  wind  damage.  This  is  due  to  its  deep  root  system  and 
its  situation  chiefly  on  the  lighter,  better-drained  soils.  Other  aids 
to  protection  against  wind  are  its  short  leaves,  slender  branches,  and 
narrow  crown.  On  the  other  hand,  shortleaf  is  the  only  pine  that 
extends  well  into  the  tornado*  region  of  the  Middle  Western  States. 
Here  considerable  damage  is  done  every  year,  particularly  in  the 
Ozark  uplands  of  Missouri,  Arkansas,  and  Oklahoma.  Strips  of 
wind-thrown  forest  are  present  in  all  stages  of  recovery.  After  the 
decay  of  the  thrown  timber  these  are  easily  recognized  by  the  even- 
aged  stand,  usually  of  pure  pine,  in  the  central  area,  with  the  two- 
storied  and  high-forest  condition  in  increasing  d^ree  toward  the 
margin  of  the  cyclone  strip.  On  account  of  its  quick  response  to 
light  and  the  small  size  and  abundance  of  its  seed,  the  occurrence  of 
tornadoes  has  extensively  aided  the  formation  of  pure,  even-aged 


1  Known  commonly  as  "  cyclone." 
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stands  of  pine.  Near  Womble,  on  the  Arkansas  National  Forest, 
is  such  a  fully  stocked,  even-aged  stand  on  a  strip  averaging  approxi- 
mately one-half  mile  in  width  by  14  miles  in  length.  The  tornado 
occurred  on  May  8,  1882,  and  a  lai^e  amount  of  the  young  stand 
dates  from  the  same  spring,  showing  the  coincidence  of  a  heavy  seed 
crop  the  previous  fall  and  favorable  conditions  for  germination. 

Damage  from  ice  storms  is  increased  by  the  effect  of  wind  upon  the 
heavily  laden  trees.  Ice  or  sleet  storms  cause  serious  injury  at 
varying  intervals  of  6  to  12  years.  An  ice  storm  in  December,  1898, 
in  southwestern  Arkansas  uprooted  and  broke  down  so  many  trees 
that  it  completely  blocked  road  traffic  over  all  of  the  timbered  roads 
for  nearly  one  week.  The  damage  from  snow  press  is  relatively 
small. 

Lightning  kills  trees  occasionally  and  injures  very  many.  The 
secondary  injury  from  winds  and  lightning  is  possibly  even  greater 
than  the  direct  effect,  since  injurious  insects  and  fungi  find  their 
chief  avenue  of  attack  in  freshly  opened  wounds  in  the  bark  and 
cambium,  or  living  layer,  of  the  tree. 

YIELD. 

FACTORS  INFLUENCING  YIELD. 

The  growth  of  a  stand  as  a  whole  determines  its  productiveness  or 
yield.  First,  regions  favorable  to  the  greatest  volume  production 
in  the  individual  tree  likewise  produce  the  largest  crops  or  highest 
jdelds  per  acre  of  timber.  The  yield  of  well-stocked  stands  of 
65-year-old  shortleaf  in  central  North  Carolina  is  much  greater  than 
that  of  stands  of  similar  age  and  density  in  New  Jersey,  and  in  the 
Arkansas-Louisiana  region  not  less  than  20  per  cent  greater  than  in 
North  Carolina.*  Second,  the  number  of  trees  per  acre  affects  directly 
the  size  and  volume  production  of  the  individual  tree  and  of  the  stand, 
and  therefore  the  quaUty  of  the  yield.  Overstocked  as  well  as 
understocked  stands  decline  rapidly  in  saw-timber  production  as  the 
number  of  trees  departs  in  either  direction  from  the  normal  or  best 
condition  of  stocking.  The  decline  in  total  cubic  volume  is  not  so 
great,  especially  in  fully  stocked  stands.  What  the  conditions  are 
in  any  region  can  be  accurately  determined  by  measuring  stands 
similar  in  all  points  except  the  degree  of  stocking.  One  nearly  always 
finds  wide  differences  occurring  in  respect  to  the  number  of  trees  per 
acre  and  the  corresponding  yields,  both  within  adjacent  stands  and 
in  portions  of  the  same  stand.  Third,  the  yield  varies  with  the  age  of 
the  stand.  The  yield  of  a  stand  rises  with  age  to  a  point  of  maximum 
production,  after  which  there  is  a  decline  due  to  the  progress  ol 
natural  thinning  by  the  loss  of  trees  through  declining  vigor  and 

>  This  diflerenoeis  undoubtedly  due  to  regional  differences  in  thosupply  of  atmospheric  and  soil  moistare, 
tenq>eiBtiire,  and  the  physical  texture  and  composition  of  the  soiL 
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attacks  of  natural  enemies  of  various  sorts.  In  good  situations  in 
Arkansas,  for  instance,  well-stocked  160-year-old  stands  of  shortleaf 
have  average  yields  of  about  45,000  board  feet,  or  approximately 
the  same  as  58-year-old  stands  on  similar  situations.  The  point  of 
highest  average  annual  production  of  natural  unthinned  stands  is 
probably  between  90  and  100  years  in  Arkansas  and  some  10  years 
earUer  in  the  central  Piedmont  region  bordering  the  Atlantic  coastal 
plain. 

Table  15. — Relation  between  tree  density  and  yield  per  acre/or  .SO-year-old  titoiiUaJ  pine. 

[Yield  from  trees  H  inches  and  over  in  diameter.    Based  on  7  sample  areas  In  Arkansas  in  stands  of 
soil,  protected  against  fires,  and  ranging  from  210  to  780  trees  per  acre  in  qoality  I  site.] 


Trees  per  acre. 

Yield  (saw  timber). 

Total. 

8  inches 
and  over  In 
diameter. 

Scribner 
rule. 

Feet  b.  m. 

?3?' 

diameter. 

F^b.m. 

/1ICM9. 

150 

130 

11,250 

6,  MO 

11.5 

200 

175 

13,500 

8,450 

10.9 

250 

215 

16,000 

9,700 

10.4 

300 

260 

18,100 

10,600 

9.8 

350 

290 

19,400 

10,800 

9.4 

400 

290 

19,100 

10,200 

8.9 

450 

260 

17,500 

9,000 

8.5 

500 

255 

15,350 

7,900 

8.1 

550 

•235 

13,200 

6,800 

7.7 

600 

215 

11,250 

5,800 

7.8 

650 

195 

9,260 

4,450 

7.0 

700 

180 

7,500 

3,200 

6.6 

750 

160 

5,900 

2,000 

6.3 

800 

140 

4,250 

800 

6.0 

YIELD  IN  PURE  STANDS. 

Old  growth  or  virgin  stands  m  regions  of  good  development  show 
yields  averaging  10  to  30  thousand  board  feet  per  acre  over  con- 
siderable areas.  Most  of  such  tracts  are  at  the  present  time  found 
only  in  the  more  inaccessible  regions  in  the  upper  portions  of  the 
middle  Atlantic  coastal  States  and  in  the  Louisiana-Arkansas  district. 
Much  larger  amounts  occur  in  mixed  stands  with  hardwoods. 

FuUy  stocked  tracts  of  shortleaf  pine  in  natural  stands  are  scat- 
tered and  rarely  occur  in  areas  of  considerable  size.  Irregular 
stocking  at  the  outset,  fire,  and  other  causes  produce  many  open 
spaces  where  trees  are  needed  to  complete  the  stand.  In  other  places 
the  stand  has  from  the  start  maintained  too  many  trees  per  acre  to 
give  the  best  results  in  quaUty  or  quantity  of  product.  The  average 
yields  of  natural  stands,  therefore,  vary  widely  and  have  little  sig- 
nificance in  considering  the  habits  and  possibilities  of  the  tree  when 
growing  in  full  stands.  The  best  basis  for  considering  the  yield  of 
forest  trees  Uke  shortleaf  which  occur  in  pure  stands  is  the  yield  of 
fully  stocked  stands  or  portions  of  stands  growing  imder  known  con- 
ditions of  situation.  Such  information,  when  classified  by  age  and 
site  quaUty  for  normally  stocked  stands,  is  known  as  a  normal  yield 
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table.  Tables  16,  17,  and  18  have  been  thus  prepared  by  measuring 
portions  of  well-stoeked  second-growth  or  old-field  stands  of  known 
age  and  quality  of  natural  environment,  particularly  character  of  soil 
and  moisture  supply.  For  example,  the  average  yield  of  50-year-old 
stands  on  the  best  class  of  sites  in  North  Carolina  (Table  16)  is  about 
23,700  board  feet,  on  medium  or  average  sites  17,000,  and  on  the 
poorest  sites  about  10,300  board  feet.  Table  18  shows  yields  in  the 
Arkansas  region  at  50  years  of  37,200,  23,750,  and  12,200  board  feet, 
respectively,  on  the  three  quaUties  of  site.  The  original  figures  for 
North  Carolina  were  secured  from  80  selected  sample  tracts  with  an 
area  of  21.6  acres,  which  may  be  considered  fairly  representative. 
The  data  for  Table  18  are  insufficient  in  amoimt,  hence  the  table  is 
tentative  and  has  been  included  for  the  purpose  of  comparison  and 
correction  when  more  measurements  become  available. 


Table  16. —  Yield  of  weU-^tocked  secorid-growth  shortleaf  pine  in  North  Carolina.^ 

[Based  on  80  sample  plots  in  well-stocked  stands;  total  area,  21.6  acres.  Saw  timber  scaled  to  0  inches  in 
top  diameter;  stomn  height,  1  to  1.6  feet.  Vohime  of  stem  is  from  1-foot  stump  to  5-incfa  top  diameter, 
fcw^V^tng  bark.    AD  trees  6  inches  and  over  diameter  breast  high  were  scaled.) 

QUALITY  I. 


Trees 
per  acre. 

Average 

diameter 

breast 

high. 

Average 
height. 

Total 
basal 
area. 

Yield  per  acre. 

Afa(ye«»). 

Saw  timber. 

SoUd 
contents. 

Scribner 
rule. 

?3;" 

10       

2,940 
1760 
1,000 
676 
510 
410 
340 
280 
235 
200 
165 
140 
120 
100 
90 

Inehet. 
2.8 
4.4 
6.8 
6.9 
7.9 
8.8 
9.6 

ia4 

1L2 
11.9 
12.7 
13.4 
14.1 
14.7 
15.3 

Feet. 
22 

.       32 
40 
46 
61 
55 
59 
63 
66 
60 
72 
74 
77 
79 
81 

135 
158 
175 
188 
198 
205 
211 
215 
218 
220 
222 
224 
226 
227 

Bd.ft. 
400 
3,000 
5,700 
8,400 
11,200 
14,000 
17,100 
20,300 
23,700 
27,000 
30,100 
33  200 
36,100 
38,800 
41,500 

Bd.  ft. 

Cu.ft. 
1,060 

15        

800 
2,000 
3,600 
6,300 
7  100 
8900 
10  900 
12,800 
14,500 
16,200 
17,700 
19,300 
20,800 
22,400 

1,560 

JO.. I 

2,120 

35        

2,730 

M 

3  360 

35        

3,960 

40 

4,570 

45        

5  200 

u 

6,840 

55      

6,450 

CO 

7,020 

05        r 

7;570 

70 

8,100 

75        

8,600 

80 

9,110 

QUALITY  n. 


10        

3,725 

2,460 

1636 

1095 

'766 

600 

500 

420 

356 

310 

270 

230 

206 

180 

156 

2.2 
3.4 
4.6 
5.6 
6.6 
7.3 
8.0 
8.7 
9.4 

lao 
ia6 

1L3 
U.8 
12.4 
13.0 

18 
26 
33 
38 
43 
47 
50 
54 
57 
59 
62 
64 
66 
69 
71 

82 
108 
129 
145 
156 
165 
172 
176 
179 
182 
183 
185 
186 
187 
188 

1 

660 

15                 

1,100 

3,200 

5,200 

7,300 

9,400 

11,700 

14,300 

17,000 

19,700 

22,400 

25,200 

27,800 

30,400 

32,900 

1,000 

90        

300 

1,700 

3,200 

4,700 

6,300 

7  900 

9,500 

11,000 

12,500 

13,900 

15,300 

16,700 

18,100 

1,880 

as      

1840 

» 

2,330 

K 

2  820 

40        

8,320 

45 

3  830 

50        

4360 

55 

4,880 

n        

5,360 

% 

6,830 

70        

6,280 

75 

6,730 

80 

7  160 

1  Counties  in  North  Carolina  are:  Alexander,  Burke,  Cabarrus.  Catawba,  Cleveland,  Davie,  Gaston, 
LlDooln,  McDoweU,  Rowan,  Rutherford,  Surry,  Wilkes,  and  Yadkin. 
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Table  16. —  Yield  of  well-stocked  second-growth  ihortleaf  pine  in  North  CaroUna. — Con. 

QUALITY  m. 


Trees 
per  acre. 

Average 

diameter 

breast 

high. 

AvBRtfe 
height. 

Total 
basal 
area. 

Yield  per  acre. 

Age  (years). 

Saw  timber. 

Solid 

Scribner 
rule. 

?r 

10 

Inches. 
L6 
2.5 
3.4 
4.2 
5.0 
6.7 
6.4 
7.0 
7.6 
&2 
8.7 
9.2 
9.7 
10.2 
10.6 

Feet. 
14 
21 
26 
31 
35 
89 
42 
46 
47 
50 
52 
54 
56 
58 
60 

Sq.ft 
60 
82 
100 
114 
125 

m 

138 
143 
144 
146 
146 
147 
148 
149 
149 

Bi.ft. 

B4./1. 

'^■%, 

15 

3,270 

2,450 

1,880 

1  405 

1,045 

795 

655 

550 

475 

420 

370 

330 

295 

270 

460 

20 

700 

2,100 

8  400 

4,800 

6,600 

8,300 

10,300 

12,400 

14,700 

17,100 

19,600 

22,000 

24,200 

650 

25 

830 

30 

1,100 

2,800 

3600 

4900 

6,300 

7600 

^800 

10,100 

11,400 

13,600 

13,900 

1,290 

34TO 
3,880 
3300 
8.700 
4,100 
4,490 
4  860 
6,280 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80         

Table  17. —  Yearly  increment  of  second-growth  shortleqf  pine  in  North  Carolina.^ 

[Based  on  80  sample  plots  in  well-stocked  stands;  total  area,  21.6  acres.    Saw  timber  scaled  to  6  inches  in 
top  diameter.    »tump  height,  1  to  1.5  feet.    Volume  of  stem  is  from  1-foot  stump  to  6-inch  top  € 
including  bark.    All  trees  6  inches  and  over  diameter  breast  high  were  scaled.] 

PERIODIC  ANNUAL  INCREMENT. 


Scribner  rule. 

Doyle  rule. 

Solid  contents. 

Age  (years). 

'              1 
Quality  Quality  QuaUty 

QuaUty 

Quality 

n. 

Q^ty 

Quality 

Quality 

n. 

0^ 

20 

530 
560 
590 
620 
650 
680 
655 
625 
605 
580 
660 
540 

400 
430 
460 
485 
505 
525 
540 
550 
660 
545 
520 
400 

Bd.ft. 

"246' 
276 
310 
340 
370 
400 
425 
456 
475 
600 
475 
445 

330 
340 
360 
380 
400 
380 
365 
360 
330 
315 
300 
285 

Bd.ft. 


Bd.ft. 

^ift 
117 
131 
134 
136 
137 
138 
133 
117 
112 
106 
100 
94 

88 
98 
98 
101 
104 
108 
104 
101 
97 
93 
87 
83 

'^^, 

25 

380 
396 
310 
316 
820 
315 
310 
800 
290 
280 
276 
265 

'"  "246* 
260 
255 
265 
260 
3«0 
260 
260 
366 
350 

n 

30 

35 

66 
73 

40          

76 

45 

80 

50       

82 

55 

84 

60         

88 

65 

81 

70 

78 

75 ^ 

7S 

80 

71 

MEAN  ANNUAL  INCREMENT. 


20 

285 
335 
370 
405 
430 
450 
470 
490 
500 
510 
515 
520 
520 

175 
205 
240 
270 
295 
330 
340 
360 
375 
385 
395 
406 
410 

60 
80 
110 
135 
160 
185 
306 
326 
246 
360 
376 
396 
310 

100 
140 
175 
306 
225 
246 
266 
266 
270 
275 
275 
280 
280 

15 
66 
106 
136 
160 
175 
190 
200 
210 
215 
230 
335 
336 

86 
66 
90 
110 
136 
135 
146 
166 
166 
170 
175 

107 
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118 
U5 
116 
117 
117 
117 
116 
116 
115 
114 

68 

74 
78 
81 
88 
86 
87 
88 
89 
90 
90 
90 
90 

88 

25 

88 

30 

48 

35     

4g 

40 

88 

45 

5S 

50 

58 

55 

00 

60 

8S 

65 

g| 

70 

01 

76 

86 

80 

86 

1  Counties  in  North  Carolhia  are:  Alexander,  Burke,  Cabarrus,  Catawba,  Cleyebuid.  DaWa.  Oaston. 
Lincoln,  McDowell,  Rowan,  Rutherford,  Surry,  Wilkes,  and  Yadkin. 
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Tablb  18. —  Yield  of  tecond-growth  sherUeaf  pine  in  Arhanaas, 

IBaaed  on  88  fallv  stoektd  sampl*  plots;  ana,  5.8  acres.   All  trees  6  inches  and  over  in  diameter  breast 
" '  "       e  scaled.    Top  diameter,  5.5  inches ;  stump  height,  1  foot;  number  of  trees  per  acre,  see  page  17.] 


hl^i 


QUALITY  I. 


oftiee. 

Average 
diameter 
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and  oyer. 

Total 

basal  area 

(breast 

hl0i)per 

acre. 

Yield  per  acre. 

Age  (yean). 

Saw  timber. 

Total 
votame. 

Sorlbner 
rule. 

X 

ao           

Feet. 
43 
50 
55 
60 
65 
60 
73 
76 
79 
81 
84 
86 
88 

Inehet. 
7.5 
8.6 
9.6 

ia6 

11.4 
12.2 
13.0 
13w6 
14.2 
14.8 
15.3 
15i8 
16.2 

182 
105 
205 
213 
219 
225 
230 
234 
237 
240 
242 
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Bd.fL 
8,000 
12,700 
17,600 
22,400 
27,500 
32,500 
37,400 
42,200 
46,850 
51,350 
55,750 

B4.ft. 

Cu,ft. 
2,500 
8^630 

25 

4,200 
6,600 
9,700 
13,400 
17,600 
21,800 
25,600 
29,000 
82,100 
35,000 
37,800 
40,600 

ao 

4,900 
6,000 
7,010 
7.780 

25 

40 

45 

50 

8^320 

55 

8^^ 
9,320 
9,760 
10,160 
10,520 

60 

65 

70      

75 

80 

10,850 

QUALITY  II. 
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40. 
4ft. 
50. 
8ft. 
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4,350 
7,450 
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13,800 
17,000 
20,200 
23,450 
26,850 
30,600 
34,060 
37,500 
40,850 
44,000 


2,700 
4,500 
6,800 
9,500 
12,400 
15,400 
18,200 
20,600 
23,000 
25,200 
27,400 
29,500 


1,740 
2,520 
3,390 
4,220 
4,930 
5,520 
6,050 
6,520 
6,980 
7,410 
7,800 
8,160 
8,600 


QUALITY  ni.    ' 


35.. 
40.. 
46.. 


56.. 

80. 
05. 
70. 
75.. 
80. 


6.3 
7.0 
7.7 
8L4 
9l1 
9.7 

ia3 
ia8 

11.4 
1L9 
1Z4 
12.9 


95 
105 
113 
120 
126 
131 
135 
138 
140 
142 
143 
143 


2,600 
4,300 
6,000 
7,900 
10,000 
12,200 
14,600 
17,100 
19,600 
22,000 
24,600 
27,100 


1,200 
2,500 
3,900 
5,500 
7,200 
9,000 
10,600 
12,300 
13,900 
15,400 
16,900 
18,400 


1,390 
1,870 
2,360 
2,860 
8,310 
8,760 
4,210 
4,650 
5,070 
5,450 
5,810 
6,150 
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SCOTCH  AND  SHOBTLBAF  PINES. 

In  a  number  of  silvical  features  Scotch  pine  (Pinus  sylvestris)  and 
shortleaf  pine  appear  to  be  quite  similar. 

Both  trees  belong  to  the  two-leaved  group  of  pines  *  and  form 
close  stands  made  up  of  tall  steins,  free  from  branches  for  two-thirds 
of  their  length  and  terminating  in  short  compact  crowns.  Both  are 
vigorous  and  hardy  growers  and  not  subject  to  any  markedly  serious 
parasitic  fmigous  disease.  While  both  species  are  adapted  to  the 
drier  type  of  soil  occurring  on  the  uplands,  they  diflFer  in  belonging 
characteristically  to  different  zones  of  climate.  Scotch  pine  docs 
not  require  nearly  so  much  heat  during  the  summer  and  will  endure 
much  lower  temperatures  than  shortleaf  in  winter.  The  seeds  of 
both  appear  practically  the  same  in  size  and  general  vigor,  and  both 
species  are  readily  grown  in  the  nursery.  Shortleaf,  however,  r^en- 
erates  itself  by  sprouting  from  the  stump,  inherently  possesses  a 
much  straighter  stem,  has  smaller-sized  branches,  and  cleans  itself 
more  -quickly  in  stands.  Fully  stocked  stands  of  Scotch  pine  at  any 
specified  age  contain  a  greater  number  of  trees,  although  of  smaller 
size  than  shortleaf  pine  indicating  a  somewhat  greater  degree  of 
tolerance. 

All  measurements  of  yield  show  considerably  larger  returns  from 
shortleaf  than  from  Scotch  pine.  The  maximum  average  annual 
growth  per  acre  of  shortleaf  pine  on  the  best  quality  sites  in  North 
Carolina  is  117  cubic  feet  at  the  age  of  55  years;  that  of  Scotch  pine 
in  Germany,  about  90  cubic  feet  at  55  years.  These  maximum  yields 
range  downward  on  the  poorest  quality  sites  to  65  cubic  feet  at  80 
years  for  shortleaf  pine  and  about  40  cubic  feet  for  Scotch  pine  at 
65  years.  WeLse's  table  for  Scotch  pine  is  based  upon  351  sample 
tracts  located  in  5  German  States,  while  the  shortleaf-pine  table  shows 
the  results  of  only  80  sample  tracts  located  in  14  counties  in  North 
Carolina.  Table  19  shows  several  points  of  likeness  and  unlikeness 
in  these  two  pines.  The  shortleaf  data  are  not  so  representative  of 
the  species  as  that  for  Scotch  pine.  The  German  plots  were  all  normal 
stands,  last  thinned  just  prior  to  the  measurement,  while  the  North 
Carolina  shortleaf  plots  were  average  well-stocked  natural  untreated 
stands  in  old  fields,  thinned  somewhat  by  the  action  of  fires.  Under 
these  unlike  conditions  the  results  can  not  be  fairly  comparable,  but 
may  be  taken  as  an  indication  of  the  character  and  possibilities  of 
the  two  pines. 

In  respect  to  height,  shortleaf  pine  leads  under  all  conditions  of 
age  and  situation,  but  the  difference  is  most  marked  during  about 
the  first  30  to  40  years,  and  on  the  poorer  sites  at  all  ages  up  to  80 
years. 

I  ShMtleef  varies  to  three  leaves  in  the  bundle  on  the  vigorous  growing  parts  of  the  crown. 
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Table  19. —  Yield  of  shortUaf  pine  in  North  Carolina,  compared  with  yield  of  Scotth 

pine  in  Germany .^ 


Characters  compared. 


,  total  per  acre  (square  feet): 


Trees  per  acre: 

Trees  30  years  old 

Trees  60  years  old 

Trees  80  years  old 

Diameter,  breast  hkh  (inches): 

Trees  30  years  old 

Trees  50  years  old. 

Trees 80  years  old. 
sal  area ,  breast  hlsh 

Trees  30  years  ola.. 

Trees  50  years  old 

Trees  80  years  old 

HeUht.  averaite  (feet): 

Trees  30  years  old 

Trees  50  srears  old 

Trees  80  years  old 

Yield,  total  per  acre  (cubic  feet):  * 

Trees  30  years  old 

Trees  60  years  old 

Trees  80  years  old 

Periodic  axunial  increment  (cubic  feet): 

Trees  30  years  old 

Trees  50  years  old 


Trees  80  years  old 

in  annual  increment  (cubic  feet): 

Trees  30  years  old 

Trees  50  years  old 

Trees  80  years  old 


Scotch  pine. 


Quality'Quality 
I.      I     II. 


Quality 
III. 


1,543 
500 
206 

4.0 
7.3 
11.5 

130 
1«7 
184 

34 

68 
79 

1,600 
4,500 
6,570 

92 
103 
53 

57 
90 

82 


2,536 
758 
317 

2.8 
5.8 
9.4 

104 
135 
151 

26 
43 
63 

830 
2,700 
4,260 


1,200 
585 


4.2 
6.7 

67 
108 
132 

21 
34 

48 

400 
1,730 
2,930 

49 
61 
24 

14 
35 
37 


Shortleafpine. 


Quality 


510 
235 
90 

7.9 
11.2 
15.3 

188 
215 
227 

51 
66 
81 

3,350 
5,850 
9,100 

121 
128 
94 

111 
117 
114 


Quality 
IL 


•*sr 


765 
356 
155 

6.5 
9.4 
13.0 

156 
179 
188 

43 
57 
71 

2,350 
4,350 
7,150 

93 
106 
82 

78 
87 
90 


1,405 
660 
270 

5.0 
7.6 
10.6 

125 
144 
149 

35 

47 
60 

1,300 
2,900 
5,250 

66 


43 
68 
65 


1  Fjkares  from  Weise's  yield  tables  for  Scotch  pine,  Quality  I  and  II  averaged  to  make  I;  III  taken  as  IT; 
and  Iv  and  V  aTflraged  to  make  Quality  III. 

*  Yield  of  Scotch  pine  taken  for  all  wood  down  to  3  inches  in  diameter;  of  shortleaf  pine  taken  only  for 
trees  up  to  6  inches  diameter  breast  high,  and  to  6  inches  in  tops. 

The  superiority  of  shortleaf  over  Scotch  pine  in  size  of  trees  and 
total  yield  is  striking.  Scotch-pine  stands  contain  from  two  to  three 
times  as  many  trees  per  acre  as  the  shortleaf  stands,  and  the  trees 
have  correspondingly  smaller  average  diameters.  A  comparison  of 
the  total  yield  of  the  two  species  is  interesting.  At  the  age  of  30 
years  shortleaf  shows  about  two  or  three  times  the  yield  of  the  Scotch 
pine  for  the  better  and  poorer  sites,  respectively.  At  50  years  on 
first  quality  situations,  the  two  species  approach  the  closest  in  yield, 
yet  the  yield  of  shortleaf  is  just  30  per  cent  greater  than  that  of 
Scotch  pine.  The  shortleaf  jrield  is  again  about  56  per  cent  greater 
at  the  age  of  80  years.  Similar  yield  tables  for  Scotch  pine  by  Dr, 
Schwappach  show  usually  from  15  to  20  per  cent  less  jield  than 
Weise's  tables. 

YIELD  IN  MIXED  STANDS. 

In  mixed  pine  and  hardwood  stands  the  yield  of  shortleaf  varies 
widely.  In  the  lower  mountains  of  northern  Georgia  recent  timber 
estimates  made  by  the  Appalachian  surveys  show  an  average  yield 
of  1,000  to  3,000  board  feet  per  acre;  but  on  the  warmer  slopes  in 
the  same  region,  pure  virgin  pine  stands  of  mixed  ages  covering 
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several  hundred  acres  yield  from  12,000  to  20,000  board  feet  per 
acre. 

Hundreds  of  square  miles  of  the  better  shortleaf  forests  mixed 
with  oak  and  hickory  over  central  and  western  Arkansas  and  adjacent 
parts  of  Oklahoma  and  Louisiana  will  cut  an  average  of  about  5,000 
board  feet  of  shortleaf.  The  character  of  the  forests  in  the  more 
mountainous  parts  of  Arkansas,  where  shortleaf  is  confined  chiefly 
to  the  flats  and  warm  south  slopes,  is  seen  in  Table  2,  showing  the 
composition  of  the  forest  cover  in  the  Arkansas  and  Ozark  National 
Forests.  In  the  higher  hilly  region  of  the  Arkansas  National  Forest, 
cutting  to  an  approximate  diameter  limit  of  14  inches  breast  high, 
or  about  15  inches  on  a  1-foot  stump,  the  pine  in  the  mixed  type 
commonly  yields  about  2,000  board  feet  *  of  merchantable  timber 
per  acre,  leaving  about  1,000  feet  for  seed  trees  and  second  cut. 

The  average  run  in  private  cutting,  down  to  a  12-inch  stump 
diameter  Umit,  is  10  logs  per  thousand  board  feet.  In  a  representative 
sale  on  the  Arkansas  National  Forest,  cutting  to  a  14-inch  diameter 
Umit  at  breast  height,  the  logs  averaged  135  feet  each,  or  8  logs  per 
thousand.  The  bulk  of  the  timber  cut  ranged  from  60  to  180  years 
old.  The  oldest  good-sized  groups  or  small  stands  observed  over  a 
wide  district  in  central  Arkansas  were  170  to  180  years,  and  a  large 
number  of  them  were  found  throughout  the  whole  region.  The 
yields  of  these  groups  or  small-sized  stands  ranged  mostly  between 
25,000  and  35,000  board  feet  per  acre,  and  the  maximimi  acre  meas- 
ured was  62,000  board  feet.  In  Montgomery  County,  Ark.,  a  com- 
pany recently  cut  2,500  feet  per  acre  (Doyle  log  scale),  or  an  actual 
mill  cut  of  nearly  4,000  feet  of  lumber  per  acre,  from  a  private  tract 
of  4,000  acres  in  the  high  hilly  country  within  the  Arkansas  National 
Forest.  The  best  cut  of  this  company  was  910,560  (Doyle  scale)  on 
160  acres,  or  an  actual  mill  cut  of  somewhat  better  than  1,500,000 
feet,  an  average  of  approximately  9,500  feet  per  acre. 

1  Rased  upon  growth  and  reproduction  plots  on  the  Arkansas  National  Forest  In  averv^  cutovcr 
tracts,  1912. 
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FURTHER   EXPERIMENTS  IN   THE  DESTRUCTION 
OF  FLY  LARViE  IN  HORSE  MANURE. 

By  P.  C.  Cook,  Physiological  Chemist,  Bureau  of  Chemistry,  R.  H.  HuTcnrsoN, 
Scientific  Assistant,  Bureau  of  Entomology,  and  F.  M.  Scales,  Assistant  Mycolo- 
gist, Bureau  of  Plant  Industry. 

INTRODUCTION. 

The  results  reported  in  this  bulletin  are  a  continuation  of  the  inves- 
tigation dealt  with  in  Bulletin  No.  118,  United  States  Department  of 
Agriculture,  inaugurated  for  the  purpose  of  finding  a  substance  that 
would  destroy  the  larv»  of  the  house  fly  in  their  principal  breeding 
place,  namely,  horse  maniu'e,  without  injuring  the  bacteria  or  reducing 
in  any  way  the  fertilizing  value  of  the  manure  (Cook,  Hutchison,  and 
Scales,  1914).  The  work  was  conducted  in  cooperation  by  the 
Bureaus  of  Entomology,  Chemistry,  and  Plant  Industry  at  ArUngton, 
Va.,  and  New  Orleans,  La.  The  bacteriological  work  at  New  Orleans 
was  done  by  Dr.  William  Seemann,  dean  of  the  Tulane  School  of 
Tropical  Medicine,  and  thanks  are  due  him  for  his  cooperation.  The 
entomological  work  at  New  Orleans  was  done  by  Mr.  E.  R.  Barber, 
scientific  assistant.  Bureau  of  Entomology. 

In  Bulletin  No.  118  it  was  suggested  that  manure  be  treated  with 
borax  immediately  on  removal  from  the  bam  in  order  to  destroy  the 
eggs  and  maggots  of  the  house  fly,  and  that  borax  be  applied  at  the 
rate  of  0.62  poimd  per  8  bushels,  or  10  cubic  feet,  of  manure.  As  large 
quantities  of  manure  are  used  by  truck  growers,  it  was  thought  advis- 
able to  include  in  that  bulletin  a  warning  as  to  the  possible  injurious 
action  of  large  applications  of  borax-treated  manure  on  plants.  For 
the  same  reason  it  seemed  desirable  to  find  some  volatile  or  other 
organic  substance  which  would  be  effective  as  a  larvicide,  but  without 
possible  toxic  action  on  vegetation.  Largely  with  this  object  in  view, 
the  investigation  was  continued  during  1914.  The  larvicidal  value  of 
some  inorganic  substances  was  also  tested. 

Borax  may  be  used  with  advantage  for  the  treatment  of  outhouses, 
public  dumps,  and  refuse  piles  of  aU  kinds,  cracks  and  crevices,  floors 
of  stablee,  and  any  iCbcumulation  of  organic  material  which  offers  a 
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favorable  place  for  the  deposition  of  eggs.  A  treatment  two  or  three 
times  a  week  ought  to  suffice  for  all  these  cases  except  where  large 
quantities  of  organic  material  are  added,  when  the  borax  application 
should  be  made  immediately,  using  the  same  quantity  as  in  the  treat- 
ment of  horse  manure.  The  best  results  are  always  obtained  when 
tlie  borax  is  apphed  in  solution  daily,  as  it  is  effective  against  the 
eggs  and  the  maggots  during  their  feeding  period.  (Table  V,  series  52, 
G  and  H.)     Borax  probably  has  no  effect  on  the  pupae  or  adult  flies. 

GENERAL  PLAN  OF  EXPERIMENTAL  WORK. 

CAGE  EXPERIMENTS. 

The  plan  of  the  work  was  the  same  as  that  outlined  in  Bulletin  No. 
118,  and  in  addition  a  few  experiments  were  carried  out  in  concrete 
pits.  New  cages  were  constructed  for  the  experiments  at  Arlington. 
In  order  to  prevent  the  escape  of  larvae  by  migration,  the  galvanized- 
iron  pans  in  the  cages  in  which  the  manure  was  placed  were  made 
2  feet  deep,  and  the  small  openings  in  the  bottom  of  the  pans  through 
which  the  water  drained  oflf  were  covered  with  fine  wire  gauze.  The 
legs  were  made  8  inches  high  to  facilitate  the  removal  of  any  larv© 
which  might  get  into  the  drip  pans. 

The  manure  was  sprinkled  in  three  layers  by  putting  2  bushels  of 
manure  in  the  cage  and  applying  2^  gallons  of  the  solution.  This 
was  repeated  in  the  second  layer  of  2  bushels.  Finally  the  remaining 
4  bushels  were  added  and  the  last  5  gallons  of  the  solution  applied. 
When  a  chemical  was  applied  in  dry  condition  it  was  scattered  over 
the  surface  of  the  manure,  which  was  also  treated  in  three  layers,  and 
10  gallons  of  water  w^re  afterwards  added.  The  manure  in  the  con- 
trol cages  was  sprinkled  with  water  equal  to  the  volume  of  the  solu- 
tions used.  The  ffies  which  were  caught  in  the  traps  attached  to  the 
top  of  the  cages  were  chloroformed  and  coimted,  and  at  the  end  of 
each  experiment  a  comparison  of  the  total  ntmiber  was  made,  and 
from  these  counts  an  index  of  the  effectiveness  of  the  chemical  was 
obtained.  Only  fresh  manure  was  used  in  the  experiments,  and  every 
effort  was  made  to  provide  for  an  even  distribution  of  fly  eggs  and 
larv8B.  That  it  was  impossible  to  secure  an  equal  infestation  in  all 
cages  is  evident  from  a  comparison  of  the  fly  counts  from  the  con- 
trol cages. 

OPEN.PILB  EXPERDMENTS. 

A  few  open-pile  experiments  were  carried  out  at  Arlington  on  the 
same  plan  as  during  the  previous  year.  The  most  important  open- 
pile  experiments  were  conducted  at  New  Orleans  during  November 
and  December,  1914.  In  most  of  the  New  Orleans  open-pile  experi- 
ments 4  bushels  of  manure  were  sprinkled  with  5  gallons  of  solution 
daily,  and  this  was  repeated  four  times,  making  a  total  pile  of  16 
bushels  treated  with  20  gallons  of  solution.    The  total  nimiber  of 
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pupsB  in  each  pile  was  counted  about  eight  days  after  the  last  treat- 
ment. A  sample  of  200  pupae  from  each  pile  was  kept  in  the  labora- 
tory, and  the  percentage  of  emergence  determined.  From  these  data 
the  apparent  larvicidal  effect  was  calculated.  For  some  of  the  New 
Orleans  experiments,  cages  (PI.  I,  fig.  1,  p.  16)  were  constructed  to  cover 
the  piles,  and  instead  of  coimting  the  number  of  pupae  the  flies  were 
allowed  to  emerge  and  were  caught  in  traps  attached  to  the  tops  of 
the  cages.  Temperatures  and  samples  for  analysis  were  taken 
through  the  armholes  in  the  sides  of  the  cages.  Soil  was  banked 
against  the  base  of  the  cages  to  prevent  the  escape  of  maggots  and  flies. 
Chemical  and  bacteriological  analyses  were  made  of  samples  of 
manure  from  most  of  the  cage  and  open-pile  experiments. 

SAMFUNG  FOR  QHEMICAL  AND  BACTERIOLOGICAL  ANALYSES. 

It  is  very  evident  that  a  manure  pile  with  the  unequal  distribution 
and  great  variation  of  its  physical  and  chemical  constituents  will 
necessarily  be  exceedingly  difficult  to  sample,  especially  to  secure 
from  it  a  few  hundred  grams  which  will  be  thoroughly  representative. 
An  attempt  was  made  to  secure  representative  samples  by  taking 
equal  portions  of  manure  from  three  different  parts  of  the  pile, 
spreadiog  them  on  a  dean  sheet  of  paper,  and  finely  dividing  and 
thoroughly  mixing  them.  When  the  material  appeared  quite  uni- 
form the  sample  was  quartered.  One  quarter  was  then  cut  into 
half-centimeter  lengths  with  clean  shears.  The  straw  or  shavings 
were  cut  with  the  other  material.  When  this  operation  was  com- 
pleted the  sample  was  again  thoroughly  mixed.  For  chemical 
analysis  the  material  was  twice  passed  through  a  grinder.  Both 
bacteriological  and  chemical  examinations  were  made  on  the  same 
sample.  As  the  bacterial  content  of  manure  is  very  high,  no  attempt 
was  made  to  work  imder  absolutely  sterile  conditions,  because  the 
contamination  arising  from  ordinary  handling  of  the  material  was 
of  no  importance  when  compared  with  the  great  number  of  organisms 
present.  However,  precautions  were  taken  to  prevent  excessive 
contamination  by  using  clean  paper,  shears,  etc.,  for  each  sample. 

BACTERIOLOGICAL  EXAMINATION. 

Two  10-gram  samples  of  the  manure,  prepared  as  just  described, 
were  taken  for  each  bacteriological  determination.  One  of  the 
10-gram  samples  was  dried  at  100°  C.  for  one  hour  to  determine  the 
percentage  of  solids.  The  other  sample  was  brushed  into  a  2-hter 
flask  containing  1  Uter  of  sterile  water.  The  flask  was  then  vigorously 
shaken  for  five  minutes  and  again,  after  a  five  minute  interval,  for 
three  minutes.  A  1-c.  c.  sample  was  then  withdrawn  and  rim  into 
100  c.  c.  of  sterile  water.  Five  dilutions  were  prepared,  ranging  from 
1  part  m  10,000  to  1  part  in  100,000,000.  A  duplicate  series  of  Petri 
dishes  was  then  prepared  from  these  dilutions  and  standard  beef  agar. 
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After  five  days'  incubation  at  28  to  30°  C.  the  plates  were  counted. 
The  average  counts  of  the  duplicate  plates  were  taken  and  converted 
into  equivalents  for  1  gram  of  dry  manure  by  the  use  of  the  figures 
obtained  from  the  duphcate  10-gram  samples  that  had  been  dried  at 
100°  C.  The  results  obtained  by  plating  on  the  standard  beef  agar 
are  comparative  and  serve  to  show  the  gCTmicidal  action  of  the 
chemicals  on  the  majority  of  the  bacteria  present  in  the  manure. 
Dr.  Seemann,  in  the  work  at  New  Orieans,  used  a  medium  prepared 
from  manure  water,  but  the  counts  w^^  practically  the  same  as 
those  on  beef  agar. 

CHEMICAL  KKAMtHAlfOK, 

The  manure  samples  were  analyzed  for  sohds,  ash,  ammonia,  and 
nitrogen,  using  the  methods  of  the  Association  of  A^cultural 
Chemists  (Wiley,  1908).  The  total  nitrogen  determinations  were 
_  made  by  the  Nitn^en  Laboratory  of  the  Bureau  of  Chemistary.  The 
results  obtained  by  the  magnesium-oxid  distillation  method  for 
ammonia,  which  are  not  reported  in  the  table,  althou^  much  higher, 
showed  the  same  general  tend^Mies  as  the  figures  obtained  on  the 
water  extracts. 

Water  extracts  were  prepared  from  each  sample  by  taking  25  grams 
of  the  finely  divided  manure  and  adding  500  c.  c.  of  distilled  watw, 
allowing  them  to  stand  for  one  hour,  with  occasional  shaking.  Tlie 
solutions  were  filtered,  and  the  following  determinations  were  made: 
Water-soluble  nitrogen,  ammonia,  nitrites,  nitrates,  and  reaction. 

Ammonia  was  extracted  by  the  Folin  and  Macallum  (1912)  aera- 
tion method  and  nesslerized.  Nitrites  were  determined  witli  the 
sulphanihc  acid  reagent,  and  nitrates  by  the  reduction  method 
with  aluminum  foil  (American  Public  Health  Association,  Labora- 
tory Section,  1912).  Nitrites  and  nitrates  were  not  usually  found 
in  the  samples  examined,  because  the  manure  had  not  stood  suffi- 
cientiy  long.  The  reaction  was  determined  by  taking  20  c.  c.  of  the 
water  extract,  diluting  with  200  c.  c.  of  carbon-dioxid  free  water,  and 
titrating  with  twentieth  normal  acid,  using  alizarin  red  as  indicator. 

GENERAL  ACCOUNT  OF  SUBSTANCES  USED. 

Representatives  of  two  groups  of  substances  were  tested  during 
the  season's  work,  namely,  (I)  inorganic  and  (2)  organic,  including 
volatile  and  nonvolatile  substances  and  some  plant  material.  These 
substances  are  arranged  in  alphabetical  order  in  the  respective 
groups. 

mORGANIC  SITBSTANCES. 

Of  the  inorganic  substances,  arsenical  dip;  chlorid  of  lime,  Elpeam 
salts,  lime-sulphur,  and  sulphuric  acid  in  three  concentrations  w&e 
used. 
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ARSENICAL  DIP. 

Arsenical  dip,  which  is  extensively  used  in  the  West  and  South- 
west to  kill  ticks  on  cattle  and  sheep,  was  prepared  according  to  the 
directions  given  in  U.  S.  Department  of  Agriculture  Fanners'  Bul- 
letin No.  603  (Chapin,  1914).  This  solution  was  used  in  three  cage 
experiments,  namely,  full  strength,  and  diluted  1  to  1  and  1  to  3 
(Table  I,  Series  67,  A,  B,  and  C). 

Tablb  I. — Destruction  of  Ay  larvx  in  horae  manure.    Results  with  arsenical  dipf  para- 
didilorobemene,  ana  pyridine;  cage  experiments  at  Arlington ^   Va.,  IdH* 


Treatment  of  8  bushels 
of  manure,  using  10 
gaUoDsofUquid. 

Flies 
emerged. 

Appar- 
ent lar- 
vIoMal 
effect 

Number 
of  bac- 
teria per 
Igram 
manure, 
calcu- 
lated to 

welSLt. 

Manure, 

total 
nitrogen. 

Water  extract. 

Series. 

AllrAlhv 
lty,N/20 
Helper 
100  cc. 
(5  grams 

of 
manure). 

Water- 
soluble 
nitrogen. 

Nas 

NH,, 

Folln 

method. 

e7 

B 
C 
A 

Anenical  dip  (strong). 
Arsenical  dip  (I-ITl!.. 
Arsenical  dip  (1-^j.... 
Contit>l  (water  only) . . 
do 

Nwmher. 
67 
67 
131 
826 

275 

494 

37 

135 

63 

263 

96 

134 

3 

2 

4,480 

1936 

3,212 

10 
70 

11 

68 

157 

687 

77 

307 

Feteeni 
of  control 

80 
74 

MiJUons. 
1,648 
1,944 
2,469 
1,636 
1,043 
843 

Percent. 
0.421 
.337 
.647 
.625 
.463 
.337 

Cc. 

10.50 
6.75 
6.60 
6.40 
8.76 
8. 40 

Percent 
of  total 

29.97 
33.82 
27.84 
41.25 
26.70 

Percent 
of  total 

nitrogen. 
3.6 
4.4 
3.7 

7D 

7.1 

do 

4.7 

Control  average 

Pyridine,  I-IW 

Pyridine,  l-«)0 

Control  (water  only).. 
do 

A 

63 

0 

634 

798 

1,035 

1,282 

.640 
.540 
.611 
.639 

8.90 
8.66 
9.90. 
11.16 

31.11 
31.11 
26.68 
36.93 

3.0 
3.7 
1.9 

81  B 

2:4 

c 

do 

Control  average 

Pyridine,  1-1«) 

do 

Control  (water  only). . 
do 

Mi 

99+ 
99+ 

209 
128 

.470 
.449 
.672 
.661 

4.76 
4.60 
4.25 
4.66 

28.72 
33.85 
25.00 
26.02 

7.02 
2.45 
2.10 

"'^VB 

1.41 

Control  average 

Parfrdichlorobenzene, 
ipound  to  10  gal- 

A 
7» 

93 
60 

97 
78 

90S 
602 

.798 
.606 

18.15 
11.66 

36.07 
35.44 

4.8 

B 

do 

4.6 

» 

A 

B 

A 
B 

r 

(For  control  8ee81,A, 
B,  and  C,  above.) 

PanHiichlorobeneene, 
1  pound  to  10  gal- 
loos  water 

do 

. 

Control  (water  only). . 
do 

283 
165 
157 

.898 
.653 
.533 

11.40 
10.75 
8.15 

26.61 
24.19 
27.39 

2.34 

99^ 

4.13 

do 

2.44 

Control  average 

The  two  stronger  concentrations  killed  about  88  per  cent  of  the 
maggots  and  the  1-3  solution  about  75  per  cent.  The  weaker 
strengths  apparently  exerted  a  slight  stimidating  action  on  the 
bacteria,  and  the  full-strength  dip  showed  no  bactericidal  action  in 
this  one  test.  The  chemical  data  showed  no  marked  differences  except 
for  the  increased  alkalinity  where  the  dip  was  appUed  in  full  strength, 
and  this,  no  doubt,  was  due  to  the  sodium  carbonate  in  the  dip. 
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CHLOBID   OF   LIME. 

Chlorid  of  limo  has  been  used  extensively  as  a  disinfectant  and  has 
been  tested  by  Dr.  Howard,  who  found  that  1  pound  applied  to  8 
quarts  of  manure  killed  practicaDy  all  the  larvse,  but  one-fourth  of  a 
pound  to  8  quarts  was  not  sufficient  (Howard,  1911).  In  our  experi- 
ments with  smaller  amounts,  namely  three-fourths  of  a  pound,  IJ 
pounds,  and  3  pounds  to  8  bushels  and  the  addition  of  10  gallons  of 
water,  negative  results  were  obtained.  The  well-known  action  of 
chlorid  of  hme  in  driving  off  the  ammonia  from  manure,  the  probable 
toxic  effect  on  bacteria,  and  the  irritating  action  of  the  liberated 
cldorin,  as  well  as  the  high  cost  of  the  substance  in  quantities  suffi- 
cient to  kill  fly  larvae,  precludes  its  use  for  this  purpose. 

EPSOM   SALTS. 

E^om  salts  was  appUed  in  three  cage  experiments,  using  respect- 
ively 1,  2,  and  4  pounds  to  10  gallons  of  water.  In  no  case  was  any 
larvicidal  effect  noticed.  No  chemical  or  bacteriological  examina- 
tions were  made. 

LIME-SULPHUK. 

Lime-sulphur  was  used  again  this  year  in  dilutions  of  1  to  10, 1  to  20, 
and  1  to  30.  No  larvicidal  effect  was  seen,  and  since  it  failed  to  InTl 
the  maggots,  no  chemical  or  bacteriological  analyses  were  made. 

SULPHURIC   ACID. 

Sulphuric  acid  was  used  in  1,  2,  and  3  per  cent  solutions.  Two 
cage  experiments  with  each  concentration  were  carried  out.  Prac- 
tically no  larvicidal  effects  were  shown  in  any  of  the  experiments. 
Sufficient  alkahne  substances  and  organic  material  were  present  in  the 
manure  to  combine  with  the  acid  in  the  1  per  cent  and  2  per  cent 
solutions,  consequently  no  injurious  action  on  the  bacteria  resulted. 
No  counts  were  made  where  the  3  per  cent  solutions  were  applied. 
When  the  3  per  cent  apphcations  were  made  the  alkaline  reaction 
of  the  manure  was  markedly  reduced  and  the  percentage  of  ammonia, 
in  terms  of  the  total  nitrogen,  was  increased  from  three  to  four  times 
that  of  the  control.  The  1  per  cent  and  2  per  cent  solutions  had  no 
apparent  action  on  the  manure  as  determined  by  the  chemical 
resxdts. 

ORGANIC  SUBSTANCBS. 

As  the  application  to  the  soil  of  maniu^e  containing  inorganic 
substances  is  likely  to  produce  harmful  effects  on  plants,  due  to 
a  sUght  excess  of  the  toxic  element  in  the  soil,  it  seemed  desirable 
to  investigate  the  larvicidal  action  of  various  organic  substances, 
both  volatile  and  nonvolatile.    The  volatile  substances  would  produce 
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a  true  partial  sterilization,  as  has  Ibeen  shown  by  several  investigators 
(cf.  Russel  and  Buddin,  1913,  and  the  recent  article  by  the  latter, 
Buddin,  1914),  while  the  nonvolatile  substances  would  be  finally 
decomposed  in  the  soil,  and,  therefore,  have  no  permanent  injurious 
eflfect.  Organic  substances,  when  added  to  the  soil,  may  be  attacked 
by  various  members  of  the  soil  flora,  as  bacteria  and  filamentous  fungi, 
which  either  destroy  the  substances  entirely  or  form  compounds 
that  may  be  utilized  by  other  organisms  which  are  of  value  in  main- 
taining the  fertility  of  the  soil  or  may  be  utilized  directly  by  the 
plants  themselves. 

ANILINE. 

Aniline  (C^HftNI^),  which  is  extensively  used  in  the  preparation  of 
dyes,  contains  15  per  cent  of  nitrogen  and  costs  about  60  cents  per 
quart.  This  substance  was  tested  in  cage  experiments  at  Arlington, 
Va.,  using  dilutions  of  1  to  50,  1  to  100,  and  1  to  200. 

Tablb  II. — Destruction  of  fly  larvx  in  horse  manure.    Rendts  with  aniline  and  nitro- 
benzene; cage  experiments^  Arlington,  Va.,  1914. 


Treatment  of  8  bushels 
of  manure,  using  10 
gaUonsofUquJd. 

Flies 
emerged. 

vicidal 
effect 

Niunber 
of  bac- 
teria per 
Igram 
manure, 
calcu- 
lated to 

we^t 

Ifanure, 

total 
nitrogen. 

Water  extract. 

Series. 

Alkalin- 

100  c.c. 
(5  grams 

of 
manure). 

Water- 
soluble 
nitrogen. 

Nas 

NH«, 

Folln 

method. 

A 

Aniline,!-^ 

Number. 

4 

11 

25 

157 

687 

77 

307 

17 

28 

4,480 

1,936 

3,212 

0 

1 

115 
157 
687 
77 
307 

4 
0 

5 
4,489 
1,936 
3,212 

Percent 
of  control 

97 
80 

mmoM. 

264 
392 

Percent 

a526 

.632 

C.c. 
8.25 
8.65 

Percent 
of  total 

4L  63" 
33.70 

Percent 
of  total 
nitrogen. 
7  98 

M 

B 
C 
A 

Aniline!  i-l66 

4.60 

Aniline,  1-200 

Control  (water  only) . . 
do 

283 
165 
157 

.898 
.653 
.533 

11.40 
10.75 
8.15 

25.61 
24.19 
27.39 

2.34 

09 

4  13 

do 

2.44 

Control  average 

Aniline.  1-200 

!«.{* 

99-H 
99 

.618 
.674 
.572 
.561 

4.15 
6.40 
4.25 
4.65 

25.08 
29.08 
25.00 
26.02 

1  40 

do 

Control  (water  only) . . 

do 

Control  average 

Nitrobenzene   emul- 
8ion(3i  pounds  nitro- 
benzene and  1  pound 
flsh-oil  soap  to  iOgal- 
Ions  water) 

1.63 

< 

19.6 
27.1 

2. 10 

1.41 

96 

A 

B 
C 

100 
99-1- 

63 

661 
667 

.647 
.526 

0.75 
8.10 

34.92 
4a  50 

0.14 

do ^. 

Same  as  foregoing,  di- 
luted  1-3.  r:..T..... 

Control  (water  only) . . . 
do 

7.41 

283 
165 
157 

.898 
.653 
.533 

11.40 
10.75 
8.15 

25.61 
24.19 
27.39 

2.34 

99 

4.13 

^' 

do 

2.44 

Control  average 

Nitr  0  benzene  (1.67 
pounds  nitrobenzene 
and  1  pound  fish-oil 
soap  to  10  gallons 
water)  undiluted.... 
do 

101 

A 

B 

c 

fA 
B 

99-1- 
100 

99-1- 

- 

.665 

.449 

6.40 
5.40 

34.69 
34.96 

&32 

323 

9.13 

Same  as  foregoing,  di- 
luted, Ul!!.:!:..... 
Control  (water  only) . . 
do 

19.6 
27.1 

.572 
.561 

4.25 
4.65 

25.00 
2fi.02 

2:10 

106 

1.41 

Control  average 
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The  results  given  in  Table  II  shaw  a  97  and  98  per  cent  larvicidsl 
action  with  the  two  stronger  solutions,  and  in  the  case  of  the  1  to  200 
dilution  two  cages  showed  a  99  per  cent  and  one  an  80  per  c«it 
larvicidal  action.  The  1  to  50  and  1  to  100  strengths  showed  an 
increased  number  of  bacteria.  The  amount  of  water-soluble  nitrogen 
and  ammonia  is  noticeably  increased  in  the  manure  treated  with  the 
strongest  solution  of  aniline,  with  no  apparent  action  on  the  bacteria. 
The  increases  of  the  water-soluble  nitrogen  and  ammonia  are  proba- 
bly due  to  nitrogen  in  the  aniline  added.  Aniline,  among  other  sub- 
stances, was  tried  in  some  cage  experiments  at  New  Orleans,  the 
results  of  which  are  given  in  Table  III. 

Table  III. — Destruction  of  fly  larvx  in  horse  manure.    Resxdts  wUh  aniline,  hellebore, 
OTid nitrobenzene;  cage  experiments  at  New  Orleans,  La.,  1914. 


Series. 


Treatment  of  8  busheb  of  coannre,  using  10  gallons  of  liquid. 


A 

107 

B 

C 

A 

B 

lOS' 

C 

D 

A 

10» 

B 

C 

no 

A 

B 

A 

111 

B 

0 

A 

113 

B 
C 

D 

A 

m 

B 

0 

1U\ 

Aniline,  1-200 

AnUine,  1-400 

do 

Hellebore,  ground, }  pound  to  10  gallons  water , 

do , 

Hellebore,  ground,  J  pound  to  10  gallons  water 

do 

Nitrobensene,  1  pound,  and  }  pound  fish-oil so^  to  10  gallons  water. . 

do 

Nitrobenzene,  i  pound,  and  i  pound  fish-oil  soap  to  10  gallons  water. 

Control  (water  only) 

do 

Aniline,  l-a» , 

Aniline,  1-400 

do 

Hellebore,  groimd, }  pound  to  10  gallons  water 

do 

Hellebore,  ground, }  pound  to  10  gallons  water 

do 

Nitrobenzene,  1  pound,  and  i  pound  fish-oilsoap  to  10  gallons  water. , 

do 

Nitrobenzene,  i  pound,  and  i  pound  flsh-oilsoi^  to  10  gallons  water.. 

Control  (water  only) 

do 


Flies 

LarrslB 

emerged. 

Nttvtber. 

JWWWmKT, 

3,738 

2,» 

«,030 

12,^ 

5,070 

9,856 

1,122 

4,054 

820 

4,567 

1,130 

1,285 

874 

l,flSO 

3,390 

2.985 

l,fl»2 

3,617 

1,319 

2,oa 

1,085 

s» 

5,888 

4,S5 

5,076 

4,«S 

12,667 

8,2* 

12,300 

19,675 

11,803 

10,794 

17,197 

8.171 

20,067 

9,315 

17,838 

918 

2,395 

10,  la 

12 

211 

9.678 

11,165 

19,360 

11.419 

18,838 

10,7» 

The  cages  were  the  ones  used  the  previous  year  and,  as  the  figures 
show,  large  numbers  of  larvse  escaped.  Apparently  these  results 
show  a  low  larvicidal  eflFect  of  aniline,  but  since  the  condition  of  the 
cages  was  unsatisfactory  they  shoidd  not  be  compared  with  the 
others,  especially  as  they  are  the  only  ones,  either  in  cages  or  open 
piles,  where  poor  results  with  aniline  were  obtained. 

Open-pile  experiments  at  New  Orleans,  using  a  1  to  200  dilution  of 
aniline,  killed  85  and  99  per  cent  of  the  fly  maggots  (Table  IV,  series 
46,  A  and  B) ;  1  to  400  dilutions  in  two  piles  gave  79  and  83  per  cent 
larvicidal  eflfect  (Table  V,  series  41,  C  and  D);  and  two  piles  treated 
with  aniline,  1  to  500,  showed  an  84  per  cent  destruction  of  lanrs 
(Table  V,  series  49,  A  and  B). 
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Table  V. — Destruction  of  fly  larvx  in  horse  manure.    Results  with  aniline,  helletfon^ 
nitrobenzene,  and  pyridine;  open-pile  experiments ,  New  Orleans,  La.,  1914. 


Series. 


Treatment:  6  gallons  liquid  added  to  4  bushels  of  manure; 
4  applications. 


Pups 
found. 


Emeigeoce 
fiOBk  sam- 
ple of  200 
pupae. 


Appmnt 

larvldilal 

ellect 


41 


D 
IE 
A 
B 
43{C 
D 
E 
A 
B 
C 
D 
E 
A 


4» 


61 


B 

D 
E 
A 
B 
C 
D 
IE 
A 


£2 


Pyridine,  1-600.. 

do 

Aniline,  1-400... 
do. 


Contivl 

Nitrobenxene,  1  pound  and  |  pound  flsh-oil  soap  to  10  gal- 
lons water 


.do. 


Nitrobenxene,  i  pound  and  i  pound  flsh-oil  soap  to  10  gal- 
lons water 

do. 


pDotrol 

Hellebore,  ground, }  pound  to  10  galk)os  water. . 


.do. 


Hellebore,  ground,  i  pound  to  10  gaUons  water. 

do 

Control 

Anfline,  1-fiOO 

do. 


Hellebore,  powderea,  |  pound  to  10  gallons  water.. 
...do. 


Control  (water  only) 

Hellebore,  powdered,  ^  pound  to  10  gallons  water.. 

do 

....do 

....do. 


Control  (water  only) 

Helleboro,  powdered,  ^  pound  to  10  gallons  water.. 


.do. 


Hellebore,  powdered,  i  pound  to  10  gallons  water 

do 

Control  (water  only) 

Nitrobenzene,  i  pound  and  1  pound  flsh-oil  soap  to  10  gal- 
lons water 

do 


Pyretheum,  powdered,  ^  pound  to  10  gallons  water.. 

do 

Hellebore,  powdered,  |  pound  to  10  gallons  water.... 

do 

Borax,  powdered,  1  pound  to  10  gallons  water 

do 

Control  ( water  only) 


Number. 

4,756 

1,948 

70,642 

56,651 

342,771 

06,053 
92,  ni 

74,636 

92,964 

885,403 

564 

772 

13,265 

17,526 

273,520 

1,707 

1,603 

502 

162 

7,202 


449 

334 

8,866 

7 

14 

12,294 

24,233 

43,733 

3,036 

3,415 

24,346 

31,379 

7,694 

5,725 

1,390 

953 

29,831 


Percent 


Paoai 

«.6 
«H 
7914 
8S.5 


75.0 
76.0 


OlO 
;«lO 


95 
S8.7 


67.0 
74.0 
52.0 
43.0 


841 
S.6 

M.0 


49 

4a5 
40.5 


97.8 
96.4 
9S.9 

98.5 


23.8 

9W- 

23.8 

99+ 

71.0 

n.9 

71.0 

69.0 

95 

63 

tt.4 

63 

92.S 

95.5 

6 

95.5 

0 

95 

75.5 

95 

SLS 

8.5 

99+ 

8.5 

m- 

98.5 

As  only  one  duplicate  set  of  open  piles  treated  with  aniline  1  to 
200  was  examined,  the  data  are  not  suJEcient  on  which  to  base  any 
conclusion  as  to  its  effect  on  the  bacteriological  and  chemical  compo- 
sition of  the  manure.  Aniline  in  all  open-pile  experiments  showed 
a  high  larvicidal  efficiency  even  in  the  dilution  of  1  to  500,  but  it 
should  be  handled  with  care  because  of  its  possible  toxic  effects. 

BETA   NAPHTHOL. 

Beta  naphthol  was  tried  in  three  cage  experiments,  using  solutions 
containing  0.1  pound,  0.33  pound,  and  1  pound,  respectively.  Where 
the  1 -pound  application  was  made  only  11  per  cent  of  the  maggots 
were  killed,  and  in  the  other  two  cases  the  results  were  negative.  No 
bacteriological  or  chemical  examinations  were  made  of  the  treated 
manure. 
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CRESYLIC   ACm. 

Cresylic  acid,  which  is  prepared  from  coal  tar,  was  tried  in  dilu- 
tions of  1  to  20,  1  to  40,  and  1  to  80  in  cage  experiments,  but  it  was 
without  action  on  the  maggots.  Bacteriological  and  chemical  anal- 
yses were  made  of  the  manure  treated  with  the  1  to  20  strength,  and 
the  bacteria  were  reduced  90  per  cent.  The  alkalinity  of  the  manure 
was  reduced,  and  a  slight  increase  in  ammonia  over  that  of  the  con- 
trols was  found. 

PABA-DIGHLOROBENZENE. 

Para-dichlorobenzene  was  employed  in  two  sets  of  cage  experi- 
ments, using  one-half  pound  and  1  pound  to  8  bushels  of  manure. 
The  substance  was  groimd  and  scattered  over  the  manure,  and  water 
added.  As  shown  (Table  I,  series  79,  A  and  B,  and  98,  A  and  B),  the 
apparent  larvicidal  effect  varied  greatly,  the  one-half  pound  strength 
indicating  a  50  and  93  per  cent  action  and  the  1  pound  indicating  78 
and  97  per  cent  effectiveness.  The  bacterial  counts  and  chemical 
analyses  where  the  one-half  pound  applications  were  made  showed 
only  slight  effects  from  this  treatment.  No  analyses  of  the  manure 
in  the  cages  treated  with  the  1-poimd  applications  were  made.  Para- 
dichlorobenzene  was  tried  in  one  pit  experiment.  The  pits  were  of 
concrete  with  inside  measurements  of  9  by  6  by  2  feet.  Thirty-two 
bushels  of  manure  were  placed  in  the  pits,  and  the  manure  in  one  pit 
was  treated  at  the  rate  of  0.5  pound  to  8  bushels.  The  other  pit  was 
untreated.  From  the  former  403  flies  emerged,  and  from  the  latter, 
484.  The  larvicidal  action  was,  therefore,  apparently  about  16  per 
cent.  Duckett  (1915)  has  found  this  substance  to  be  an  effective 
fumigant  against  various  household  insects  and  those  affecting 
stored  products. 

FORMALDEHYDE. 

Further  experiments  with  formaldehyde  were  performed,  using  1 
to  6,  1  to  8,  and  1  to  10  dilutions  of  the  commercial  40  per  cent  for- 
malin in  water.  The  1  to  8  and  1  to  10  strengths  showed  no  larvi- 
cidal effects,  and  the  action  of  the  1  to  6  solution  on  the  maggots  was 
slight  (17  per  cent).  The  bacteriological  and  chemical  results  showed 
the  same  general  tendencies  as  those  found  last  year,  an  increased 
number  of  bacteria  and  a  reduction  of  the  alkalinity  being  observed. 
As  the  cost  of  formaldehyde  is  high,  and  as  strong  solutions  are  re- 
quired to  kill  the  maggots,  the  use  of  this  substance  is  not  practical 
for  this  purpose. 

NTrROBENZENE. 

Nitrobenzene  (CeHgNOj),  commercially  known  as  oil  of  mirbane, 
costs  20  cents  per  pound  and  contains  11.4  per  cent  of  nitrogen.  The 
TBpoT8  of  this  liquid  are  poisonous.    Two  sets  of  cage  experiments  at 
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Arlington  were  carried  out  with  emukions  of  this  substance  and  fish- 
oil  soap.  The  strength  of  these  emulsions  and  the  results  obtained 
are  given  in  Table  II,  series  95  and  101.  The  larvicidal  results,  with 
the  exception  of  series  95,  C,  were  good.  The  emulsions  apparently 
produced  a  considerable  increase  in  numbers  of  the  bacteria.  An 
increase  of  water-soluble  nitrogen  and^ ammonia  was  obtained  in  all 
the  treated  samples.  Some  further  experiments  at  New  Orleans, 
using  the  cages  which  were  employed  in  1913,  gave  poor  results,  as 
many  larv»  escaped  (Table  III,  series  109  and  113).  The  results  of 
six  open-pile  experiments  are  recorded  in  Table  V(series  42,  A,  B,  C, 
and  D,  and  52,  A  and  B),  and  the  data  for  two  additional  open-pile 
experiments  are  given  in  Table  IV  (series  47,  A  and  B).  Bacterio- 
logical and  chemical  results  are  given  in  connection  with  the  last  two 
experiments.  The  duplicate  samples  indicate  that  there  was  a  slight 
reduction  in  the  number  of  bacteria  and  that  there  was  no  apparent 
effect  on  the  manure  as  shown  by  the  chemical  data.  All  the  exper- 
iments indicate  satisfactory  larvicidal  results,  but  the  best  were  those 
obtained  with  the  largest  quantity  of  fish-oil  soap,  namely,  1  pound 
(Table  V,  series  52,  A  and  B),  which  killed  93  per  cent  of  the  larva. 
This  fact  suggests  that  the  fish-oil  soap  is  an  important  constituent 
of  this  larvicidal  mixture. 

OXALIC  Acm. 

Four  cage  experiments  were  carried  out  with  oxalic  acid,  using  1 
and  2  pounds  to  10  gallons  of  water.  One  experiment  with  1  poimd 
gave  negative  larvicidal  results,  while  the  results  from  three  experi- 
ments using  2  pounds  were  as  follows:  3  per  cent,  60  per  cent,  and  80 
per  cent.  In  the  one  sample  of  manure  analyzed  the  bacterial  count 
was  reduced,  and  the  ammonia  was  increased  over  the  control. 

PYRIDINE. 

Pyridine  (C5H5N),  which  is  prepared  commercially  from  coal  tar, 
and  is  also  obtained  from  the  distillation  of  bone  oil,  is  alkaline,  con- 
tains 17.75  per  cent  nitrogen,  and  costs  about  $1  per  pound.  This 
Uquid  was  used  in  three  cage  experiments  in  dilutions  of  1  to  100  and 
in  one  cage  experiment  in  a  dilution  of  1  to  500.  The  results  of  the 
cage  experiments  are  shown  in  Table  I  (Series  78  and  104).  The 
larvicidal  efficiency  of  the  1  to  100  dilutions  was  63  per  cent  for  one 
cage  and  99  per  cent  for  the  other  two.  The  1  to  500  dilutions  showed 
no  apparent  effect.  No  consistent  action  on  the  bacteria  is  evident, 
and  the  water-soluble  nitrogen  and  the  ammonia  from  the  treated 
samples  are  higher  than  from  the  controls. 

In  open-pile  experiments  at  New  Orleans  (Table  V,  Series  41,  A 
and  B)  pyridine  1  to  500  was  used  twice,  giving  an  apparent  larvicidal 
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effect  of  99  per  cent.  Pyridine  was  used  in  two  open-pile  experiments 
in  a  dilution  of  1  to  1,500  (Table  IV,  Series  48,  A  and  B),  and  8  and 
47  per  cent  of  the  larvae  were  killed. 

It  is  impossible  satisfactorily  to  explain  the  differences  in  the  larvi- 
cidal  efficiency  of  the  pyridine  in  the  cage  and  open-pile  experiments 
where  the  1  to  500  dilutions  were  employed.  Different  samples  of 
pyridine  were  used  in  these  two  tests,  and  as  the  conditions  are  very 
different  at  Arlington  and  New  Orleans  the  exact  larvicidal  value  of 
the  1  to  500  dilutions  is  uncertain.  As  the  1  to  1,500  is  the  only  dilu- 
tion that  is  practical  from  a  cost  point  of  view  and  the  larvicidal 
effect  of  this  strength  was  low,  this  substance  is  hardly  thought  to  be 
worthy  of  further  consideration  as  a  larvicide.  The  extremely  disa- 
greeable odor  as  well  as  the  toxicity  of  pyridine  makes  its  use  in 
this  work  objectionable. 

PLANT  MATERIAL  TESTED. 

In  looking  for  substances  of  an  organic  nature  it  seemed  advisable 
to  test  material  from  several  common  plants  and  weeds,  especial 
attention  being  given  to  those  that  are  very  abimdant  and  therefore 
cheap. 

Dr.  Alsberg  suggested  the  use  of  plants  containing  saponin,  com 
cockle  being  named  as  a  waste  product  containing  considerable 
amoimts  of  this  compoimd.  Agave,  a  saponin-containing  plant 
growing  abimdantly  in  Texas  and  Florida,  was  obtained  by  Mr.  W.  D. 
Hunter  and  was  tried  in  two  experiments.  Other  plant  material, 
some  of  which  contains  alkaloids,  were  ako  included  in  the  investi- 
gation, namely,  "blackleaf  40*'  (an  extract  of  tobacco),  larkspur, 
hellebore,  ox-eye  daisy,  pyrethrum,  and  stramonium. 

Com  cockU. — Com  cockle  {Agrostemma  githago)  is  present  in  wheat 
screenings.  The  screenings  used  in  this  work  contained  about  43  per 
cent  of  com  cockle,  and  hsemolytic  tests  *  showed  the  presence  of 
considerable  saponin.  The  screenings  were  ground  and  then  extracted 
with  water  for  12  hours.  Nine  cage  experiments  at  Arlington,  using 
extracts  of  the  screenings  containing  from  0.3  of  a  poxmd  to  5  pounds 
per  10  gallons,  were  tried,  and  the  highest  apparent  larvicidal  action 
was  49  per  cent.  These  results  varied  markedly,  and  in  certain  cases 
no  larvicidal  effect  was  obtained.  Many  bactepiological  and  chemical 
analyses  showed  no  change  in  the  number  of  organisms  or  the  compo- 
sition of  the  manure. 

Agave, — ^The  roots  of  several  agave  or  soapweed  plants  {Agave 
lecheguiUa)  were  macerated  and  water  extracts  prepared.  Two  and 
one-half  pounds  of  the  finely  divided  roots  were  extracted  for  12 

1  The  tuemolytic  tests  were  made  by  Dr.  C.  S.  Smith,  of  the  Bureau  of  Chemistry. 
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hours  in  10  gallons  of  water.  This  extract  was  used  in  two  cage 
experiments  and  showed  a  larvicidal  action  of  82  and  84  per  cent. 
The  manure  was  unaflFected  chemically,  and  the  bacterial  count  on 
one  of  these  samples  was  considerably  higher  than  the  control  counts. 

''BlackleaJ  ^O/'— "Blackleaf  40/'  an  extract  of  tobacco  (Nicotiana 
iabacum)j  containing  40  per  cent  of  nicotine  sulphate,  is  used  to  a 
considerable  extent  as  an  insecticide,  and  it  seemed  worth  while  to 
test  its  effect  on  fly  larv«.  It  was  tried  in  three  cage  experiments  at 
Arlington,  Va.,  diluted  1  to  50,  1  to  250,  and  1  to  500.  In  none  of 
these  cases  did  it  show  any  larvicidal  action. 

Larkspur, — Groimd  seeds  of  larkspur  (Delphinium)  were  tested, 
using  solutions  prepared  by  treating  1  pound  of  the  ground  seeds  with 
10  gallons  of  1  per  cent  sulphuric  acid  and  allowing  them  to  extract 
for  12  hours.  The  extract  was  applied  undiluted,  diluted  1  to  5,  and 
diluted  1  to  16.  The  apparent  larvicidal  effect  varied  from  57  to  90 
per  cent.  The  bacteria  were  not  affected  by  the  apt>Ucation  of  the 
xmdiluted  extract,  and  the  only  change  in  the  manure  noted  was  a 
decrease  of  alkalinity  due  to  the  acid  present  in  the  extract  added. 

Stramonium. — A  sulphuric-acid  extract  of  the  ground  leaves  of 
stramonium  {Datura  stram/mium)  was  prepared  by  mixing  1  pound 
of  the  ground  dried  leaves  with  10  gallons  of  1  per  cent  sulphuric 
acid  and  allowing  this  to  stand  for  12  hours.  This  extract  was 
employed  undiluted,  diluted  1  to  5  and  1  to  15.  The  larvicidal 
results  were  not  as  satisfactory  as  those  obtained  above  where  lark- 
spiu*  extracts  were  employed.  The  bacterial  count  on  manure 
treated  with  the  undiluted  extract  was  lowered  somewhat,  and  the 
reaction  showed  a  slight  reduction  in  alkalinity  due  to  the  sulphuric 
acid  present  in  the  extract  apphed. 

Hellebore, — Roots  of  hellebore  {Veratrum  album  and  Verairwn 
viride)  were  used  both  in  a  groimd  and  in  a  powdered  condition.  As 
the  following  results  will  show,  the  powdered  hellebore  proved  to  be 
the  more  effective.  Both  1  per  cent  sulphuric  acid  and  water  extracts 
of  ground  hellebore  were  used  in  cage  experiments  at  Arlington 
(Table  VI,  Series  82,  92,  102,  and  103),  and  the  results  mdicate  a  high 
larvicidal  action. 
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Table  VI. — Destruction  of  fly  larvss  in  horse  manure.    Results  with  ground  hellebores- 
cage  experiments,  Arlington^  Fa.,  1914- 


Treatment  of  8  bushels 
of  manure,  using  10 
gallons  of  liquid. 

Flks 
emerged. 

Appar- 
entlar- 
vlcidal 
effect. 

Number 
of  bac- 
teria per 
Igram 
manure, 
calcu- 
lated to 

weSit. 

Manure, 

total 
nitrogen. 

Water  extract. 

Series. 

Alkalin- 

100  c.c. 
(5  grams 

of 
manure). 

Water- 
soluble 
nitrogen. 

Nas 

NHs, 

Foliii 

method. 

83 

A 
B 

Hellebore  (ground),  1 
pound  to  lOgallonsl 

Number. 
10 

83 
192 
114 
145 
150 

35 

18 
551 
333 

67 
317 

815 
267 

58 

39 

4,489 

1,936 

3,212 

Percent 
of  control 

78 

MilUoM. 
423 

576 
506 
498 

PercerU. 
0.526 

.688 
.695 
.618 

C.c. 
7.15 

10.25 
11.25 
16.40 

Percent 

of  total 

nitrogen. 

21. n 

24.42 
28.20 
27.18 

PercerU 
of  total 
nitrogen. 
2.85 

Same  as  forgoing,  di- 
luted one-flfth 

Control  (water  only) . . 
Do 

2.76 
1.87 

87{B 

2.69 

Ic 

Do 

Control  average 

Hellebore  (nround),  1 
pound  to  10  gallons  1 

» 

A 
B 

80 
94.3 

.456 

.470 
.863 
L45 
.905 

7.50 

6wl5 
9.15 
13.25 
14.15 

27.19 

23.83 
29.32 
43.72 
3L05 

2.63 

Same  as  foregoing,  di- 
luted one-third 

Control  (water  only).. 
Do 

236 

29.8 

12 
159 

3.40 
1  85 

»  B 

3.25 

c 

Do 

2  87 

Control  ayerage 

Hellebore  (ground),  4 
pound  to  lOgallons  I 

per  cent  H^04. 

Do 

102 

A 

B 
A 

B 
A 
n 

90 
92 

98+ 
09 

.526 
.408 

.568 
.554 
.572 
.561 



(acid).  50 
(acid).  50 

3.60 
6.15 
4.26 
4.65 

25.67 
21.49 

22.70 
28.34 
26.00 
26.02 

2.85 

3.40 

ll» 

Hellebore  (ground),  } 
pound  to  10  gallons 
water 

Do 

1.32 

Control  (water  only) . . 
Do 

19.6 
27.1 

2.10 

1.41 

1 

The  water  extract  proved  to  be  just  as  satisfactory  as  the  acid 
extract.  Table  III,  series  108  and  112,  shows  additional  results  from 
some  cage  experiments  at  New  Orleans,  in  which  the  effectiveness 
appeared  to  be  very  low,  but  the  results  are  of  doubtful  value  for 
the  same  reasons  pointed  out  on  page  8.  It  is  very  difficult  to 
explain  why  so  little  larvicidal  effect  was  found  in  series  112  in 
view  of  the  uniformly  good  results  in  other  cages  and  open  piles. 

Results  from  the  appUcation  of  water  extracts  of  ground  hellebore 
applied  to  open  piles  are  shown  in  Table  IV,  series  44  to  48,  inclusive. 
When  used  at  the  rate  of  one-fourth  of  a  pound  to  10  gallons,  it  had 
a  variable  larvicidal  aotion,  never  above  50  per  cent.  At  the  rate  of 
three-eighths  of  a  poxmd  to  10  gallons  the  results  were,  on  the  aver- 
age, somewhat  higher,  but  none  was  above  70  per  cent;  at  the  rate 
of  one-half  pound  to  10  gallons  series  44,  A  and  B,  Table  IV,  showed 
69  and  62  per  cent  action;  48,  C  and  D,  showed  44  and  62  per  cent; 
and  Table  V,  series  43,  A  and  B,  showed  99  per  cent  effectiveness. 

Powdered  hellebore  was  used  in  several  open-pile  experiments  at 
New  Orleans,  and  the  results,  as  shown  in  Tables  IV  and  V,  indicate 
that  the  application  of  one-half  pound  per  10  gallons  was  imiformly 
favorable,  the  percentages  varying  from  88  to  99,  the  average  of  12 
open-pile  experiments  being  95.5  per  cent.  With  three-eighths  or 
one-fourth  pound  of  powdered  hellebore  to  10  gallons  the  larvicidal 
effects  were  lower  but  stiU  showed  considerable  action.     It  is  evident 
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that  the  larvicidal  value  varies  with  the  amount  of  powdered  helle- 
bore used,  but  when  applied  at  the  rate  of  one-half  pound  or  more  to 
8  bushels  of  manure  it  will  be  efficient.  It  is  not  known  how  helle- 
bore acts  as  a  larvicide.  At  present  no  information  is  available  as 
to  whether  it  has  any  effect  on  the  eggs  or  pupae  of  the  house  fly. 

The  effects  of  the  presence  of  fly  maggots  in  a  pile  of  manure  is  very 
strikingly  shown  by  comparing  figures  2  and  3  of  Plate  I.  The  pfle 
treated  with  hellebore  has  remained  normal  in  shape  and  appearance 
(PL  I,  fig.  3),  while  the  maggots  have  worked  the  untreated  pile 
shown  (PI.  I,  fig.  2),  the  manure  being  finely  divided  and  the 
pile  scattered  by  the  feeding  and  migration  of  the  larvae. 

The  bacterial  counts  of  manure  in  the  cages  (Table  VI)  treated 
with  1  per  cent  sulphuric-acid  extracts  of  hellebore  showed  no  bac- 
tericide effects. 

The  bacterial  counts  of  the  open  piles  (Table  IV)  did  not  show 
any  consistent  action,  either  stimulating  or  bactericidal.  During  the 
season's  work  nitrites  and  nitrates  were  detected  only  in  open-pile 
experiments  53,  A,  B,  C,  and  D,  which  were  treated  with  hdlebore, 
and  it  is  therefore  apparent  that  the  hellebore  extract  is  not  toxic 
to  the  nitrifying  organisms  in  this  environment. 

Three  series  of  temperatures  taken  daily  of  control  piles  and  those 
treated  with  pyrethrum,  pyridine,  and  hellebore  further  indicated 
that  there  was  no  permanent  injiu^y  to  the  bacteria  present  in  the 
piles  treated  with  the  last  substance.  In  the  first  series  the  tem- 
perature was  13°  below  the  control  on  the  second  day,  but  on  the  third 
day  was  again  the  same  as  the  control.  Neither  of  the  oth«*  series 
showed  any  depression  of  temperature  at  the  start,  and  the  piles 
seemed  to  undergo  a  normal  fermentation,  indicating,  as  do  all  the 
data,  that  the  treatment  with  hellebore  does  not  reduce  the  fertiliz- 
ing value  of  the  maniu-e. 

The  chemical  data  on  both  the  cage  and  open-pile  experiments 
show  that  the  manure  was  unaffected  by  the  hellebore  troatment. 
When  1  per  cent  sulphuric-acid  extracts  were  used  in  the  cage  experi- 
ments at  Arlington,  a  reduction  in  alkalinity  due  to  the  added  add 
was  foxmd.  It  is,  therefore,  evident  that  powdered  hellebore  can  be 
appUed,  usmg  one-half  pound  to  10  gallons  of  water,  without  injuring 
the  fertilizing  value  of  manure  as  determined  by  chemical  and 
bacteriological  examination.  Furthermore,  a  laboratory  test  has 
shown  that  hellebore  readily  decomposes  in  manure.  A  sample  of 
manure  treated  with  hellebore  at  the  rate  of  one-half  poimd  per 
8  bushels  when  tested  microscopically  and  colorimetrically  gave 
positive  results,  but  after  30  days'  fermentation  both  were 
negative. 

The  alkaloidal  content  of  the  commercial  green  and  white  hellebore 
11w?^Ti^''7^^^  ^'^'"'^  ^^^^^  ^-2  per  cent  to  0.9  per  cent  of  tot4d 
!r!z!r!_J^!^^  hellebore  used  was  of  known 

'  Data  obtained  from  Insecticide  Laboratory,  Bureau  of  Chemistry,  U.  8.  Deportment  of  A«rieultur». 

Digitized  by  VjOOQIC 


Bui.  245,  U.  S.  Dept.  of  Agriculture.  PLATE 


Destruction  of  Fly  Larv/e  in  Horse  Manure. 

Fig.  1. — Ttp®  of  cage  used  for  catching  flies  from  treated  manure  piles.  Fig.  2. — Settled  and  finely 
divided  condition  of  an  untreate<i  pile,  heavily  infested  with  maggots.  Fig.  3.— A  hellebore-treated 
pile  of  same  source  and  volume  as  figure  2.  Hellebore,  by  preventing  growth  of  fly  maggots, 
prevented  the  disintegration  of  the  heap.    (Original.) 
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alkaloidal  content;  the  two  samples  contained  0.25  and  0.41  per  cent, 
respectively,  and  no  differences  in  larvicidal  action  were  evident. 

The  powdered  hellebore  used  in  the  other  experiments  at  New 
Orleans  contained  11.49  per  cent  of  ash,  1.04  per  cent  of  total  nitro- 
gen, and  about  0.2  per  cent  of  total  alkaloids.  The  ground  hellebore 
used  contained  29.39  per  cent  of  ash,  1.08  per  cent  total  nitrogen,  and 
0.2  per  cent  total  alkaloids.  It  is  therefore  likely  that  commercial 
powdered  hellebore  of  reasonable  purity  will  be  effective  as  a  larvicide 
if  applied  as  directed  (p.  19). 

General  discussion  of  hellebore. — ^There  are  three  plants  which  are 
popularly  called  hellebore,  namely,  Veratmm  aihumj  Veratrum  viride, 
and  HeUeborus  niger.  The  term  ** hellebore"  is  correctly  applied  only 
to  HeUeborus  niger,  which  grows  in  Europe  and  is  not  at  the  present 
time  a  conmiercial  product  in  this  country.  The  white  and  the  green 
are  the  two  commercial  varieties,  the  white  being  largely  imported, 
and  the  green  the  American  plant.  For  insecticidal  work  these  two 
varieties  are  considered  equally  valuable.  The  American  hellebore 
{Verairum  viride),  called  ''swamp  hellebore,"  "Indian  poke,''  and 
'*  itch-weed,"  is  a  common  plant  in  wet  ground  and  grows  over  a  con- 
siderable area  of  the  United  States.  The  properties  of  this  plant  are 
said  to  be  similar  to  those  of  white  hellebore.  A  number  of  alkaloids 
are  claimed  to  have  been  separated  from  these  two  plants,  but  there 
is  some  uncertainty  as  to  their  identity  and  activity.  Powdered 
heUebore,  both  the  white  and  the  green,  is  extensively  used  as  an  insec- 
ticide against  the  currant  worm  and  to  kiU  various  insects  around  the 
roots  of  plants.  Both  varieties  of  hellebore  are  used  in  medicine  to 
some  extent. 

OTHER   PLANT  MATEBIAL. 

Oxeye  daisy. — ^Tests  were  made  with  the  ground  flowers  of  the 
oxeye  daisy  {OhrysantJiemum  leucanthemum) ,  using  1  poimd  to  10  gal- 
lons of  1  per  cent  sulphuric  acid.  The  material  was  extracted  for  12 
hours,  and  the  extract  was  used  imdiluted  and  diluted  1  to  6.  The 
larvicidal  results  were  practically  negative  in  both  cases,  but  as  the 
manure  used  in  this  experiment  was  lightly  infested  with  larvae  and 
the  results  hardly  warrant  any  definite  conclusions.  Bacteriological 
and  chemical  examinations  were  made  of  the  manure  treated  with 
the  imdiluted  extract.  The  bacterial  coimt  of  the  maniure  was  some- 
what lower  than  the  controls,  while  the  only  noticeable  change  in 
chemical  composition  was  a  decrease  in  the  alkalinity  due  to  the  acid 
in  the  extract  added.  The  oxeye  daisy  contains  a  volatile  oil  but  no 
alkaloid  has  been  foimd. 

Pyreihrum. — ^Pyrethrum  {Orysanihemum  cinerariaefolium)  powder 
was  tried  and  two  results  from  open-pile  tests  at  New  Orleans  show 
that  solutions  containing  0.5  pound  per  10  gallons  of  water  had  no 
larvicidal  action  (Table  V,  series  52,  C  and  D).  Pyrethnun  contains 
a  volatile  oil,  and  an  alkaloid  has  been  detected  by  one  or  two 
investigators. 
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DISCUSSION  OF  DUGRAM  (FIG.  I). 

From  the  results  of  some  open-pile  experiments  at  New  Orleans  the 
comparative  cost  and  larvicidal  eflBciency  of  some  of  the  more  favor- 
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able  substances  have  been  computed  and  are  shown  graphically  in 
figure  1.    Most  of  these  calculations  are  based  on  an  average  of  but 
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two  experiments  and  are  therefore  to  be  regarded  as  only  tentative. 
However,  the  results  of  the  cage  experiments  are  in  general  agreement 
with  the  findings  as  given  in  the  diagram. 

It  will  be  noted  that  the  highest  larvicidal  eflFect  was  obtained  with 
borax,  using  r  pound  to  8  bushels.  The  least  expensive  treatment 
was  that  with  0.62  pound  of  borax,  although  the  larvicidal  action  was 
only  90  per  cent.  The  next  cheapest  was  hellebore,  which  costs  5i 
cents  for  one-half  pound  of  the  powdered  roots,  and  the  average  of 
12  experiments  showed  a  larvicidal  action  of  95.5  per  cent.  The 
heUebore  treatment  at  the  foregoing  rate  costs  more  than  that  with 
0.62  of  a  pound  of  borax  but  shows  a  greater  efficiency. 

In  comparing  the  cost  we  have  assumed  that  borax  can  be  obtained 
at  5  to  6  cents  per  pound  in  lOO-poimd  lots  and  that  hellebore  can  be 
purchased  at  11  cents  per  pound  in  like  amoimts.  The  price  of  both 
is  subject  to  considerable  variation.  The  results  in  general  indicate 
that  the  larvicidal  action  varies  with  the  amoimts  used,  except  in  the 
case  of  nitrobenzene,  where  the  value  seems  to  depend  on  the  pro- 
portions of  nitrobenzene  and  soap  in  the  emulsion. 

It  wiU  be  noted  that  pyiidine  and  aniline,  when  used  in  amounts 
sufficient  to  kill  a  high  percentage  of  the  larv»,  are  quite  expensive, 
and  for  this  reason  their  use  can  not  be  considered  practical. 

APPUCATION  OF  HEIXEBORE  TO  MANURE. 

Powdered  heUebore  should  be  mixed  with  water  at  the  rate  of 
one-half  poimd  to  10  gallons  and  the  solution  thoroughly  stirred 
and  allowed  to  stand  for  several  hours  in  a  barrel  or  other  container. 
In  order  to  obtain  the  most  satisfactory  results,  the  manure  should 
be  sprinkled  with  the  foregoing  solution  immediately  on  removal 
from  the  bam.  The  sprinkling  may  be  done  with  a  watering  can  or 
similar  device,  using  10.  gallons  to  8  bushels  of  manure;  taking  care 
that  aU  of  the  hellebore  comes  in  contact  with  the  manure  and  paying 
particular  attention  to  the  outer  edges  of  the  pile.  In  estimating  the 
amount  of  solution  to  be  employed  it  may  be  assimied  that  2  bushels 
of  manure  per  horse  is  the  daily  output  of  the  stable.  This  is  a  liberal 
estimate,  and  in  many  stables  the  daily  output  is  much  less. 

EFFECT  OF  HELLEBORE  ON  PLANTS  AND  CHICKENS. 

During  November,  1914,  a  series  of  tests  was  started  at  both 
Baton  Rouge  and  New  Orleans,  La.,  to  determine  whether  hellebore, 
when  applied  in  considerable  amoimts,  exerts  injurious  eflFects  on 
plant  growth.  The  plants  grown  included  cabbage,  lettuce,  oats, 
turnips,  radishes,  potatoes,  wheat,  and  mustard,  half  of  each  plat 
being  fertilized  with  hellebore-treated  manure,  and  the  other  half 
receiving  untreated  manure.    At  the  present  time  no  injurious 
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effect  is  noticeable  from  the  experiments  at  either  New  OrleaDS 
or  Baton  Rouge. 

The  cooperation  of  Mr.  George  L.  Tiebout,  of  the  Louisiana  Experi- 
ment Station,  Baton  RougC;  and  of  Mr.  W.  G.  Taggart,  of  the 
Audubon  Park  Sugar  Station,  New  Orleans,  in  connection  with 
these  tests  was  of  great  assistance. 

As  chickens  and  other  farm  animals  are  known  to  peck  at,  or 
consimie,  certain  parts  of  manure,  tests  were  made  by  Mr.  E.  R. 
Barber,  placing  hellebore-treated  manure  in  coops  with  chickens 
and  using  as  controls  chickens  in  a  coop  with  imtreated  manure. 
Thirty-eight  one-hundredths  of  a  poimd  of  powdered  hellebore  was 
mixed  with  4  bushels  of  manure  and  placed  in  one  coop  with  four 
chickens,  and  every,  three  days  another  lot  of  the  maniure  simiiariy 
treated  was  placed  in  this  coop.  The  manure  which  was  used 
contained  fly  maggots,  consequently  the  chickens  were  eager  to  peck 
through  it.  In  addition,  the  diickens,  in  both  cases,  were  fed  on 
cracked  com  and  were  given  fresh  water.  The  appearance  of  the 
chickens  was  noted  daily,  and  the  test  has  been  conducted  for  several 
weeks  with  no  apparent  ill  effect  due  to  hellebore. 

SUMMARY. 

The  larvicidal  efficiency  of  both  inorganic  and  oi^anic  substances 
was  tested  and  bacteriological  and  chemical  examinations  of  horse 
manure  to  which  many  of  these  substances  were  applied  aie  reported. 

The  following  inorganic  substances  were  tried: 


Arsenical  dip. 
Chlorid  of  lime. 
Epsom  salts. 


Lime-eulphur. 
Sulphuric  acid. 


Of  these  substances  arsenical  dip  was  the  only  one  which  when 
used  in  amounts  considered  practical  destroyed  the  larvsB  of  the 
house  fly.  Because  of  its  poisonous  nature  the  use  of  arsenical  dip 
as  a  larvicide  is  not  recommended. 

The  following  oi^anic  substances  were  tested: 

Formaldehyde. 
Nitrobenzene. 
Oxalic  acid. 
Pyridine. 


Aniline. 
Beta-naphthol. 
Cresylic  acid. 
Para-dichlorobenzene. 


Aniline,  pyridine,  and  nitrobenzene,  when  used  in  certain  dilu- 
tions, gave  satisfactory  larvicidal  results,  but  the  cost  precludes 
their  use. 

The  larvicidal  action  of  the  following  plant  materials  was  tested: 

Plant  material  containing  saponin — 

Com  cockle  {AgrosUmma  gUhago). 
Agave  {Agave  UcheguiUa), 
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Plant  material  containing  alkaloids — 

"Black  leaf  40" — tobacco  extract  (Nicotiana  tabacum). 

Larkspur  (Delphinium). 

Stramonium  {Datura  stramonium). 

Hellebore  ( Veratrum  album  and  Veratrum  liride). 

Other  plant  material — 

Oxeye  daisy  (Chrysanthemttm  leucanthemum). 
Pyrethrum  {Ckrysantkemum  cinerariaefolium). 

Powdered  hellebore  proved  the  most  effioient  and  practical  of  aU 
the  substances  tested. 

COMPARATIVE  ADVANTAGES  OF  BORAX  AND  HEUEBORE. 

Borax,  which  was  shown  in  Bulletin  No.  118  to  be  an  effective 
larvicidc;  is  obtainable  in  all  parts  of  the  coimtry,  and  the  cost  of 
treating  manure  at  the  rate  of  0.62  poimd  of  borax  per  8  bushels  is 
0.42  cent  per  bushel. 

Powdered  hellebore,  using  one-half  pound  to  10  gallons  of  water 
and  applying  this  to  8  bushels  of  manure,  is  also  an  effective  larvicide 
and  exerts  no  injurious  action  on  the  fertilizing  value  of  the  manure 
as  determined  by  bacteriological  and  chemical  analyses,  and  no 
injurious  action  on  plants  has  been  detected  in  any  of  the  field  tests. 
Hellebore  is  used  as  an  insecticide  and  is  obtainable  in  most  cities  and 
agricultural  districts.  The  cost  of  this  treatment  is  0.69  cent  per 
bushel  of  manure. 

While  borax  may  be  appUed  to  manure  at  the  foregoing  rate  and 
the  treated  manure  may  be  added  to  the  soil  at  the  rate  of  15  tons  to 
the  acre  without  injuring  vegetation,  nevertheless  excessive  quantities 
of  borax  may  be  appUed  to  manure  through  carelessness,  and  injury 
to  vegetation  may  in  consequence  result.  In  the  light  of  this  year's 
experiments  it  seems  advisable  to  recommend  borax  as  a  larvicide  for 
the  treatment  of  outhouses,  refuse  piles,  and  all  other  places  where  flies 
may  deposit  eggs.  However,  on  accoimt  of  the  possible  carelessness 
previously  mentioned,  and  because  large  quantities  of  manure  are 
sometimes  used  by  truck  growers,  it  seems  best  to  guard  against  pos- 
sible injury  to  vegetation  by  recommending  powdered  hellebore  for 
the  treatment  of  manure,  since  no  injury  can  arise  from  the  use  of 
excessive  quantities,  as  it  is  entirely  decomposed  in  the  course  of 
the  fermentation  of  the  manure. 
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INTRODUCTION. 

A  clay  product  closely  resembling  our  present-day  brick  was 
among  the  earliest  materials  used  for  paving  streets  and  roads.  The 
first  brick  pavement  constructed  in  this  country,  however,  dates  back 
no  further  than  1872,  and  to  Charleston,  W.  Va.,  belongs  the  dis- 
tinction of  having  been  the  first  American  city  to  employ  brick  for 
paving. 

For  a  number  of  years  after  being  introduced  into  this  counti^r 
the  use  of  paving  brick  was  principally  confined  to  city  streets,  and, 
owing  to  frequent  inferiority  in  the  quality  of  the  brick  and  lack  of 
care  in  construction,  very  few  of  the  early  pavements  proved  satis- 
factory. Even  now,  aftei-  the  experience  of  40  years  has  demon- 
strated that  it  is  entirely  practicable  to  construct  satisfactory  brick 
pavements  when  proper  care  is  exercised,  and  that  much  waste 
results  from  the  use  of  poor  materials  or  faulty  construction,  in- 
stances can  frequently  be  found  where  comparatively  new  brick 
pavements  have  wholly  or  partially  failed  from  causes  which  might 
easily  have  been  prevented. 

Country  roads  paved  with  vitrified  brick  are  becoming  quite  com- 
mon in  many  of  our  States,  and,  owing  to  the  general  satisfaction 
92t42*— 15 ^1 
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which  these  roads  are  giving  when  properly  constructed,  it  is  prob- 
able that  their  mileage  will  continue  to  increase  rapidly.  The  prin- 
cipal advantages  which  brick  roads  possess  may  be  stated  briefly,  ts 
follows:  (1)  They  are  durable  under  practically  all  traffic  condi- 
tions; (2)  they  afford  easy  traction  and  moderately  good  foothold 
for  horses;  and  (3)  they  are  easily  maintained  and  kept  clean. 

The  principal  disadvantage  is  the  high  first  cost  The  defects 
which  frequently  result  from  lack  of  uniformity  in  the  quality  of 
the  brick  or  from  poor  construction  are  usually  to  be  traced  indi- 
rectly to  an  effort  to  reduce  the  first  cost  or  to  a  popular  feeling  that 
local  materials  should  be  used,  even  when  of  inferior  quality. 

This  bulletin  purposes  to  furnish  information  relating  to  the  con- 
struction of  brick  roads  and  to  supply  suggestions  for  aiding  engi- 
neers in  preparing  specifications  under  which  such  work  may  be  satis- 
factorily performed.  One  of  the  most  essential  features  of  the  con- 
struction of  brick  pavements  is  the  selection  of  the  brick,  since  the 
success  or  failure  of  such  pavements  depends  to  a  large  extent  on  the 
character  of  the  material  used.  In  order  that  the  significance  of  the 
varying  physical  characteristics  observed  in  brick  manufactured 
under  different  conditions  may  be  more  readily  imderstood,  a  brief 
discussion  of  the  raw  materials  and  processes  used  in  the  manufacture 
of  brick  will  be  given. 

THE  RAW  MATERIALS. 

Paving  brick  are  made  from  shales  and  fire  clays.  The  "  lean  '*  or 
less  refractory  varieties  of  these  materials,  which  are  found  in  the 
carboniferous  deposits  broadly  distributed  throughout  the  United 
States,  are  best  adapted  for  this  purpose. 

Shales  frequently  occur  in  such  quantity  and  are  so  located  that 
they  may  be  readily  excavated  by  means  of  a  steam  shovel  or  odiCT 
mechanical  device.  Occasionally  the  deposits  are  comparatively 
thin  and  underlie  other  material,  making  it  necessary  that  they 
be  mined.  Fire  clays  are  usually  found  interstratified  with  coal 
deposits  which  may  or  may  not  be  workable,  and  must,  therefore, 
generally  be  mined.  The  principal  differ^Mje  between  fire  days  and 
shales,  in  so  far  as  the  manufacture  of  bridi  is  c<moemed,  is  essoD- 
tially  a  difference  of  cdior  in  the  finished  product.  The  shales  always 
contain  iron  in  some  form,  and  brick  made  of  shale  are  usually  red. 
Fire  clays  are  free  from  iron  and  should  produce  a  light-colond 
brick.  Some. low-grade  fire  days,  however,  may  be  darkened  by  cer- 
tain firing  conditions  too  complicated  to  be  discussed  in  detail  here. 

Shales  and  fire  clays  as  they  occur  in  nature  are  not  alwa3^  weD 
suited  for  use  in  the  manufacture  of  paving  brick,  but  must  fre- 
quently be  subjected  to  some  modifying  treabnent  before  being  usmL 
In  general,  deposits  of  these  materials  occur  in  layers  or  strata^  ud 
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the  different  strata  are  almost  always  slightly  dissimilar  in  both 
physical  and  chemical  composition.  By  carefully  mixing  the  mate- 
rials from  different  strata  or  from  different  parts  of  the  bank,  there- 
fore, a  resulting  material  of  the  desired  character  may  usually  be 
obtained.  But  it  not  infrequently  happens  that  in  order  to  secure 
the  best  results  sand  or  surface  clay  must  be  added  in  an  amount 
depending  on  the  relative  "  leanness  "  or  "  fatness  "  ^  of  the  material 
used.  In  this  connection  it  may  be  noted,  also,  that  a  chemical 
analysis  of  a  given  fire  day  or  shale  does  not  necessarily  indicate  its 
fitness  or  unfitness  for  paving  brick.  The  reason  for  this  is  that  the 
quality  of  the  brick  after  ^^  firing  "  is  no  less  dependent  on  the  physical 
arrangement  of  the  minerals  than  on  the  chemical  composition  of  the 
material. 

THE  MANUPACTUBE. 

The  general  processes  of  manufacture  are  the  same  for  both  fire 
clays  and  shale.  The  raw  material  in  either  case  is  crushed  to  com- 
paratively small  fragments  and  conveyed  by  some  convenient  means 
to  a  grinding  machine,  known  in  the  industry  as  a  dry  pan.  Briefly, 
this  machine  consists  of  a  solid  iron  plate,  approximately  5  feet  in 
diameter,  surrounded  by  a  perforated  iron  surface  about  2  feet  wide. 
Outside  the  perforated  surface  is  a  rim  some  15  inches  in  height  which 
serves  to  prevent  the  material  from  escaping  otherwise  than  through 
the  perforations.  Upon  the  solid  plate  rest  two  massive  crushers  or 
mullers,  each  weighing  from  2^  to  3  tons.  The  pan  is  revolved 
rapidly,  causing  the  mullers  to  rotate  by  friction.  The  material  is 
ground  between  the  mullers  and  the  plate  and  thrown  out  by  cen- 
trifugal force  toward  the  rim,  where  it  escapes  through  the  per- 
forated surface  into  an  elevator,  by  means  of  which  it  is  conveyed  to 
the  screens. 

The  particles  too  large  to  pass  the  screens,  which  should  not  exceed 
three-sixteenths  inch  in  mesh,  are  returned  to  the  dry  pan,  while 
the  screened  material  is  passed  to  the  mixing  machine  or  pug  mill 
by  means  of  conveyors.  In  the  pug  mill,  water  is  admixed  with  the 
clay  to  form  a  stiff  mud,  which  is  fed  continuously  into  the  brick 
machine  proper. 

The  brick  machine  is  an  extremely  heavy  mechanism.  It  con- 
sists essentially  of  an  auger  or  propeller  conveyer,  a  tapering  barrel, 
and  the  die  or  former.  The  material  is  forced  by  means  of  the  auger 
conveyer  into  the  tapering  barrel,  which  terminates  in  the  die,  and 
issues  from  the  die  in  a  solid  column  under  heavy  pressure.  For 
" side-cut''  brick  this  column  is  approximately  ^  inches  by  10 

1 "  Leanness "  und  "tetnessV  refer  req^^ottrely  to  the  leaser  or  greater  amount  of 
silicate  present  in  the  material. 
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inches  in  cross  section,  and  the  brick  are  formed  by  cutting  through 
the  column,  by  means  of  an  automatic  device,  at  intervals  of  about 
3^  inches.  For  "end-cut"  brick  the  column  has  a  cross  section 
approximately  4  inches  by  4^  inches  and  is  cut  into  sections  about 
10  inches  long. 

Paving  brick,  whether  end  or  side  cut,  have  usually  in  the  past 
been  re-pressed.  This  process  smooths  the  surfaces,  rounds  the  cor- 
ners, and  forms  on  one  side  of  each  brick  small  lugs  which  serve 
to  produce  uniform  spacing  between  the  successive  courses  of  the 
pavement.  Suitable  lugs  may  also  be  formed  at  the  time  the  brick 
are  cut,  and  the  process  of  re-pressing  is  then  omitted.  Much  dis- 
cussion has  taken  place  as  to  which  of  these  methods  produces  the 
better  brick,  and  each  method  has  many  advocates.  Entirely  satis- 
factory pavements  have  been  made  from  both  re-pressed  and  unre- 
pressed  brick  under  widely  different  conditions,  and  it  is  very  doubt- 
ful if  the  failures  which  have  been  observed  in  connection  with  either 
type  could  rightfully  be  attributed  to  this  particular  feature  in  the 
process  of  manufacture. 

Special  shapes,  such  as  nose  brick  for  use  neirt  to  car  tracks,  and 
hillside  block,  which  have  one  side  thicker  than  the  other  and  whicli 
are  used  on  steep  grades  in  order  to  give  the  pavement  a  rough  sur- 
face, may  be  made  either  by  special  die  or  special  re-press  molds. 

The  next  step  in  the  process  of  manufacture  consists  in  drying  the 
brick.  In  a  properly  systematized  plant  the  brick  are  stacked  upon 
drier  cars  as  they  leave  the  presses  in  such  manner  as  to  permit  a 
free  circulation  of  air  between  them.  The  loaded  cars  are  imme- 
diately run  into  a  tunnel  dryer,  the  temperature  of  which  is  main- 
tained at  about  100°  F.  at  the  entering  end.  As  cars  containing 
"  green  "  brick  enter  one  end  of  the  tunnel,  which  is  usually  more 
than  100  feet  long,  other  cars  containing  dry  brick  are  being  removed 
at  the  opposite  end.  Air  circulation  in  the  dryer  is  effected  by  means 
of  fans  or  high  stacks.  During  drying  the  brick  lose  an  amount  of 
moisture  equivalent  to  from  15  to  20  per  cent  of  their  own  weight. 

The  brick  leave  the  dryer  ready  for  burning,  which  is  the  last  and 
undoubtedly  the  most  important  step  in  the  process  of  manufacture. 
Upon  the  burning  depends  largely  the  quality  of  the  finished  product, 
and  it  requires  the  greatest  skill  so  to  regulate  the  temperatures  and 
firing  periods  as  to  obtain  the  best  results  from  a  given  material 
Experience  alone  can  demonstrate  the  manner  in  which  the  burning 
must  be  modified  in  order  to  suit  varying  sets  of  conditions.  The 
kilns  in  which  the  burning  is  done  are  made  of  brick  and  are  provided 
with  numerous  furnaces.  The  brick  are  placed  in  the  kilns  so  as  to 
permit  a  free  circulation  of  the  gases  of  combustion  and  the  heatcid  air. 
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PHYSICAL  CHARACTERISTICS. 

GENERAL  BBQUntEMENTa 

Paving  brick  should  be  uniform  in  size,  reasonably  perfect  in  shape, 
free  from  ragging,  due  to  friction  in  the  die,  and  from  deep  kiln 
marks,  caused  by  impressions  from  overlying  brick  in  burning.  They 
should  be  tough  in  order  to  resist  crushing,  hard  in  order  to  resist 
abrasion,  and  uniformly  graded  in  order  that  the  pavement  may  wear 
evenly.  Each  brick  should  be  homogeneous  in  texture  and  free  from 
objectionable  laminations  or  seams.  Fire  cracks,  caused  by  too  rapid 
firing,  should  be  limited  in  number  and  extent,  and  the  entire  brick 
should  be  vitrified  and  should  contain  neither  unfused  nor  glassy 
spots. 

COLOR. 

The  color  is  a  valuable  guide  in  inspecting  brick  from  the  same 
plant,  but  it  is  of  little  importance  when  the  brick  to  be  compared 
are  frMn  different  factories.  For  brick  manufactured  from  a  particu- 
lar raw  material  the  color  indicates,  in  a  measure,  the  temperature 
to  which  they  have  been  subjected,  provided  they  have  been  burned 
under  identical  conditions.  Ordinarily,  the  darker  the  color,  the 
higher  the  temperature  and,  presumably,  the  better  the  brick.  The 
surface  color  of  brick  may  be  very  misleading,  however,  and  the  color 
of  the  interior  should  be  used  in  making  comparisons. 

SPEanC  GRAVITT. 

The  specific  gravity  of  paving  brick  was  formerly  considered  of 
importance  in  judging  their  fitness  for  use  in  pavements.  But  it 
has  since  been  generally  conceded  that  a  knowledge  of  the  specific 
gravity  is  of  comparatively  little  value.  The  specific  gravity  of  shale 
brick  is  ordinarily  between  2.20  and  2.40,  and  of  fire-clay  brick 
between  2.10  and  2.25. 

ABSORPTION. 

The  absorptive  power  of  brick,  like  their  color,  is  a  matter  of  very 
slight  importance,  except  for  comparing  specimens  manufactured 
under  identical  conditions.  It  is  true  that  the  porosity  of  the  brick 
increases  with  the  power  of  absorption,  but  it  is  very  doubtful  if  any 
paving  brick  possessing  an  objectionably  high  absorptive  power  could 
pass  even  a  very  casual  inspection.  In  other  words,  a  high  degree  of 
porosity  always  manifests  itself  in  other  ways  more  clearly  than  in 
the  ability  of  the  brick  to  absorb  water. 

CRUSmNG  STRENGTH. 

The  crushing  strength  of  good  paving  brick  varies  from  10,000 
pounds  to  20,000  pounds  per  square  inch  when  the  load  is  applied 


Digiti 


zed  by  Google 


6  BULLETIN   246,  U.   8.   DEPARTMENT  OP  AGRICULTURE. 

uniformly  over  the  entire  top  surface  of  the  test  specimen,  and  may  be 
much  greater  if  the  area  over  which  the  load  is  applied  is  less  than 
that  of  the  top  surface.  Since  paving  brick  in  use  are  seldom  required 
to  withstand  a  pressure  of  more  than  about  2,000  pounds  per  square 
inch,  and  since  inferior  brick  may  possess  relatively  very  high  resist- 
ance to  crushing,  a  knowledge  of  the  crushing  strength  is  clearly  of 
little  value  in  comparing  the  relative  excellence  of  different  makes  of 
brick.  It  is,  therefore,  usually  considered  unnecessary  to  specify  a 
definite  requirement  as  to  the  crushing  strength  of  paving  brick 

TESTING  THE  BRICK. 

Definite  methods  of  testing  paving  brick  have  been  in  general  use 
for  only  a  comparatively  few  years  and  have  only  recently  under- 
gone a  pronounced  change.  The  object  of  all  tests  is  to  determine 
whether  or  not  a  given  quality  of  brick  is  suitable  for  use  in  con- 
structing pavements  and  to  furnish  a  basis  for  comparing  different 
classes  of  brick.  The  methods  have,  therefore,  been  repeatedly 
changed,  not  only  in  order  to  make  the  results  obtained  indicate  more 
definitely  the  quality  of  the  brick,  but  also  with  a  view  to  establish- 
ing uniformity,  so  that  results  obtained  in  different  laboratories  may 
be  intelligently  compared.  A  discussion  of  the  most  important  tests 
follows  in  more  or  less  detail. 

FIELD  TEST. 

The  general  appearance  of  a  paving  brick  is,  to  an  experienced  eye, 
a  valuable  indication  of  its  quality  and  will  frequently  suggest  the 
advisability  of  applying  routine  tests  to  some  particular  part  of  a 
shipment.  Unfortunately  the  knowledge  gained  from  experience 
with  one  kind  of  brick  can  not  be  safely  relied  upon  in  inspect- 
ing other  brick  made  by  a  different  process  or  from  a  different 
class  of  raw  material.  A  further  limitation  to  this  method  of  testing 
lies  in  the  fact  that  the  results  obtained  do  not  admit  of  numerical 
evaluation,  and  can  not,  therefore,  be  very  accurately  described. 
This  test  is  nevertheless  valuable,  and  since  no  apparatus  other  than 
a  hand  hammer  is  needed,  it  can  always  be  employed. 

The  test  consists  simply  in  making  a  careful  inspection  of  the 
brick  individually  and  collectively.  The  size  is  tested  by  making 
measurements,  the  shape  by  arranging  a  number  of  brick  in  the  order 
in  which  they  are  intended  to  be  placed,  and  the  quality  by  an  exami- 
nation of  both  the  exterior  and  interior  of  a  number  of  samples. 

TRANSVERSE  TEST. 

The  transverse  strength  of  a  brick  is  determined  by  supporting  it 
upon  two  knife  edges  and  applying  a  load  on  the  opposite  side  and 
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midway  between  the  supports  by  means  of  a  third  knife  edge.  The 
load  is  gradually  increased  until  rupture  occurs,  and  the  result  of 

SPl 
the  test  is  expressed  in  terms  of  the  ratio    ^t^d- '  ^^^^^^  *^®  modulus 

of  rupture.  In  the  above  ratio  P  represents  the  breaking  load  in 
pounds,  while  Z,  &,  and  d  represent,  respectively,  the  distance  between 
supports,  the  breadth  of  the  specimen,  and  the  depth  of  the  specimen, 
all  measured  in  inches. 

The  modulus  of  rupture  for  good  paving  brick  usually  lies  between 
2,000  and  3,000  pounds  per  square  inch,  and  frequently  varies  con- 
siderably even  with  carefully  selected  specimens  which  have  been 
manufactured  under  identical  conditions. 

BATTLER  OR  ABRASION  TEST. 

The  rattler  or  abrasion  test  is  undoubtedly  the  most  important  of 
the  tests  made  on  paving  brick  at  present.  In  making  this  test  the 
specimen  brick  are  subjected  to  destructive  influences  very  similar 
to  those  encountered  in  actual  service,  and  the  results  obtained,  there- 
fore, indicate  very  closely  the  effect  which  traffic  may  be  expected  to 
produce  on  a  pavement  constructed  of  similar  brick.  The  methods 
of  making  the  test,  of  which  there  were  formerly  a  great  many,  have 
undergone  repeated  changes  in  order  that  service  conditions  may  be 
more  nearly  approached,  and  also  in  an  effort  to  bring  about  uni- 
formity, so  that  the  results  obtained  may  be  of  the  greatest  possible 
scientific  value.  The  method  which  is  now  proposed  by  the  sub- 
committee on  paving  brick  of  the  American  Society  for  Testing 
Materials  may  be  briefly  described  as  follows : 

The  apparatus  necessary  for  making  the  test,  ordinarily  called 
the  rattler,  consists  of  a  14-sided  barrel  of  regular  polygonal  cross 
section  supported  on  a  suitable  frame  and  fitted  with  the  necessary 
driving  mechanism.  The  staves,  each  of  which  forms  a  side  of  the 
barrel,  are  made  of  6-inch  15.5-pound  structural  steel  channels  27J 
inches  long.  These  staves  are  double  bolted  to  the  cast-iron  heads 
of  the  barrel,  which  are  provided  with  slotted  flanges  for  holding 
the  bolts.  Cast-iron  wear  plates  are  bolted  to  the  inside  of  the 
barrel  heads.    The  inside  diameter  of  the  barrel  is  28g  inches. 

In  this  barrel  is  placed  what  is  known  as  the  abrasive  charge. 
This  charge  consists  of  two  sizes  of  cast-iron  spheres  having  respec- 
tive diameters  of  8}  inches  and  1|  inches  and  weighing,  respectively, 
7.6  pounds  and  0.95  pound  when  new.  Ten  of  the  larger  spheres 
are  used,  and  the  number  of  the  smaller  spheres  is  made  such  that 
the  weight  of  the  entire  charge  will  approximate  300  pounds.  The 
individual  larger  spheres  are  discarded  whenever  their  weight  falls 
to  7  pounds  or  less  and  the  smaller  spheres  when  they  become  suffi- 
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ciently  worn  by  usage  to  pass  through  a  circular  opening  having  a 
diameter  of  If  inches. 

The  test  is  made  by  placing  a  charge  of  10  dry  brick  in  the  barrel, 
together  with  the  abrasive  charge,  and  then  revolving  the  barrel 
1,800  times.  The  number  of  revolutions  per  minute  is  not  permitted 
to  fall  below  29^  nor  to  exceed  30^,  and  the  operation  is  made  con- 
tinuous from  start  to  finish. 

The  results  of  the  test  are  reckoned  in  terms  of  the  loss  in  weight 
sustained  by  the  brick,  and  this  loss  is  expressed  as  a  percentage  of 
the  original  weight  of  the  brick  tested.  In  determining  the  loss  in 
weight,  no  piece  of  brick  which  weighs  less  than  1  pound  is  c(Hisid- 
ered  as  having  withstood  the  test. 

Good  paving  brick  will  ordinarily  lose  from  18  per  cent  to  24  per 
cent  of  their  original  weight  in  the  rattler  test,  and  specifications  con- 
cerning this  loss  should  be  prepared  with  a  view  to  the  character  of 
the  traffic  for  which  the  pavement  is  designed. 

It  is  also  advisable  to  require  a  minimum  as  well  as  a  maximum 
percentage  of  loss  which  any  specified  sample  of  the  brick  may  sus- 
tain. This  is  done  in  order  to  insure  against  too  much  variation 
between  the  softest  acceptable  brick  and  the  hardest  brick  which  may 
be  supplied. 

CONSTRUCTION. 

PREPARING  THE  ROADBED. 

In  forming  a  roadbed  upon  which  a  brick  pavement  is  to  be  con- 
structed, the  essential  features  to  be  considered  are  (1)  thorough 
drainage,  (2)  firmness,  (3)  uniformity  in  grade  and  cross  section, 
nnd  (4)  adequate  shoulders. 

Thorough  drainage  can  be  secured  for  any  particular  road  only  by 
means  of  a  careful  study  of  the  local  conditions  which  affect  the 
accumulation  and  "  run-off  "  of  both  the  surface  and  ground  water. 
These  conditions  vary  considerably  even  in  the  same  locality,  and  no 
set  of  rules  can  be  given  which  would  cover  all  cases.  For  example, 
the  material  composing  the  roadbed  may  be  springy,  and  in  this  case 
tile  underdrains  will  probably  be  necessary.  On  the  other  hand, 
extremely  flat  topography  may  make  it  necessary  to  elevate  the  grade 
considerably  above  the  surrounding  land.  The  nature  of  the  soil,  the 
topography,  and  the  rainfall  must  all  be  considered  if  a  system  of 
drainage  is  to  be  planned  properly. 

The  second  requirement,  firmness,  can  be  secured  only  after  the 
road  has  been  properly  drained.  Soils  which  readily  absorb  moisture 
can  not  be  properly  drained  in  wet  weather  and  should  not  be  per- 
mitted to  form  a  part  of  the  subgrade.  In  order  that  the'subgrade 
may  be  unyielding,  it  is  also  necessary  that  the  roadbed  be  thoroughly 
compacted.    In  forming  embankments  the  material  should  be  put 
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do¥m  in  layers  not  over  8  inches  thick,  and  each  layer  should  be 
thoroughly  rolled.  In  excavation  care  should  be  exercised,  if  the 
material  is  earth,  not  to  permit  plows  or  scrapers  to  penetrate  below 
the  subgrade.  The  subgrade  in  both  excavation  and  embankment 
^ould  be  brou^t  to  its  final  shape  by  means  of  fine  grading  with 
picks  and  shovels  and  irolling. 

When  completed  the  subgrade  should  be  uniform  in  grade  and 
croes  section,  otherwise  the  f oimdation  must  be  made  unnecessarily 
thick  where  depressions  occur,  in  order  that  its  grade  and  cross 
section  may  be  uniform  and  its  thickness  not  less  at  any  point  than 
that  required.  The  subgrade  should  be  repeatedly  rolled  and  re- 
diaped  until  the  desired  shape  is  secured.  If  curbs  are  constructed 
independent  of  the  base  they  should  be  set  before  the  final  finishing, 
in  order  that  they  may  be  made  to  serve  as  a  guide  for  this  work. 

The  shoulders  should  never  be  less  than  4  feet  wide  and  should 
consist  of  some  material  which  compacts  readily  under  the  roller  and 
does  not  readily  absorb  water.  Not  infrequently  one  of  the  shoulders 
is  made  sufficiently  wide  to  form  an  earth  roadway  parallel  to  the 
brick  pavement.  Such  an  arrangement  serves  to  relieve  the  pave- 
ment of  considerable  traffic  during  favorable  seasons  and  also  affords 
some  advantage  to  horse-drawn  traffic.  The  general  method  of  con- 
structing shoulders  for  brick  roads  is  not  essentially  different  from 
that  employed  for  other  types  of  pavements. 

CURBING. 

All  brick  pavements  should  be  supplied  with  strong,  durable 
curbing,  both  on  the  sides  and  at  the  ends.  Otherwise  the  marginal 
brick  will  soon  become  displaced  by  the  action  of  traffic,  and  their 
displacement  will,  of  course,  expose  the  brick  next  adjoining,  so  that 
deterioration  might  eventually  spread  over  the  entire  pavement. 
Properly  constructed  curbing,  on  the  other  hand,  will  hold  the  pave- 
ment as  in  a  frame  and  enable  the  brick  to  present  their  combined 
resistance  to  the  destructive  influences  of  traffic. 

Satisfactory  curbs  may  be  constructed  of  stone,  Portland  cement 
concrete,  or  vitrified  clay  shapes  made  especially  for  this  purpose. 
Wood  has  also  be^i  used  for  curbs  to  a  limited  extent,  but  when  it  is 
considered  that  the  life  of  a  brick  pavement  under  ordinary  condi- 
tions should  far  exceed  the  life  of  any  wood  curb  which  might  be 
devised,  the  economy  of  employing  a  more  durable  material  is 
readily  apparent. 

Stone  curbing  may  be  made  from  any  hard,  tough  stone  which  is 
sufficiently  homogeneous  and  free  from  seams  to  admit  being  quar- 
ried into  blocks  not  less  than  4  feet  long,  5  inches  thick,  and  18 
inches  deep.    On  account  of  their  ordinarily  homogeneous  structure, 
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granite  and  sandstone  are  probably  more  used  for  curbs  than  any 
other  kind  of  stone. 

All  stone  curbing  should  be  hauled,  distributed,  and  set  before  the 
subgrade  is  completed.  The  individual  blocks  should  be  not  less 
than  about  4  feet  long,  except  at  closures,  and  should  ordinarily  have 
a  depth  of  from  16  to  24  inches,  depending  on  soil  conditions  and  on 
whether  the  curb  is  to  project  above  the  surface,  forming  one  side 
of  the  gutter.  The  neat  thickness  need  never  be  greater  than  8 
inches  and,  where  the  traffic  conditions  are  not  severe  and  the  quality 
of  the  stone  is  good,  a  thickness  of  6  inches  will  ordinarily  prove 
satisfactory.  Stone  curb  should  always  be  set  on  a  firm  bed  of 
gravel,  slag,  or  broken  stone,  not  less  than  8  inches  thick,  or  on 
unusually  firm  earth,  and  should  be  provided  with  a  backing  of  the 


Pio.  1. — Proper  method  of  constructing  stone  curb. 

same  material  on  the  shoulder  or  sidewalk  side.    Figure  1  shows  a 
typical  stone  curb  in  place. 

Where  suitable  stone  is  not  readily  available  or  when  from  any 
cause  the  cost  of  stone  curbing  would  prove  excessive,  a  curb  con- 
structed of  Portland  cement  concrete  may  frequently  be  advan- 
tageously used.  Concrete  curbs  may  be  constructed  alone  or  in  com- 
bination with  either  a  concrete  gutter  or  a  concrete  foundation. 
When  constructed  alone  they  should  have  approximately  the  same 
cross-sectional  dimensions  as  stone  curbs  and  should  be  constructed 
in  sections  about  8  to  10  feet  in  length.  Figures  2  and  3  and  Plate  I 
snow  the  three  common  types  of  concrete  curbs. 
thR^?^  -u^^^^  curbing  should  be  set  in  much  the  same  manner  as 
ment-fk' ..*'''*  ^^''''^  curbing.  The  principal  additional  require- 
^   ^^^^^  s^<»  vitrified  clay  is  a  Ughter  material  than  stone  and 
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the  curb  sections  are  ordinarily  shorter,  the  bedding  must  be  made 
correspondingly  more  secure  in  ord^r  to  prevent  displacement. 

THE  FOUNDATION  OR  BASE. 

A  firm,  unyielding  foundation  is  one  of  the  most  essential  features 
of  a  brick  pavement.  This  fact  can  be  more  readily  appreciated 
when  it  is  considered  that  the  surface  of  a  brick  pavement  is  made  up 
of  small  individual  blocks,  any  one  of  which  might  be  easily  forced 
down,  causing  unevenness  in  the  surface,  if  the  foundation  were  poor; 
and  since  the  ability  of  the  pavement  to  resist  wear  depends  very 
largely  on  the  smoothness  of  the  surface,  every  reasonable  precaution 
should  be  taken  to  prevent  any  unevenness  from  developing. 

The  proper  type  of  foundation  or  base  depends  largely  on  the  mate- 
rial composing  the  subgrade  and  the  character  of  traffic  for  which  the 


Fio.  2. — Concrete  curb  and  gutter  combined. 

road  is  designed.  Where  the  traffic  is  comparatively  light  and  the 
subgrade  is  composed  of  some  firm  material  which  does  not  readily 
absorb  water,  a  very  satisfactory  base  may  be  constructed  of  broken 
stone.  Where  the  traffic  is  comparatively  heavy  or  where  the 
material  composing  the  subgrade  is  at  all  unstable,  a  monolithic 
concrete  base  should  be  used.  Bases  consisting  of  a  course  of  brick 
laid  flat  upon  a  previously  compacted  layer  of  gravel  or  broken  stone 
have  sometimes  been  used,  and  pavements  constructed  upon  bases  of 
this  kind,  ordinarily  called  "  double-layer  "  pavements,  have  in  gen- 
eral proved  satisfactory.  At  the  present  time,  however,  such  bases 
can  rarely  be  constructed  at  less  cost  than  the  more  durable  concrete 
bases,  and  they  will  therefore  be  given  no  further  consideration  here. 
Broken-stone  bases  should  be  from  6  to  8  inches  thick  after  com- 
pacting and  should  be  constructed  in  two  or  more  courses  just  as  in 
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the  case  of  first-class  macadam  roads.  The  materials  used  should  con- 
form in  all  respects  to  the  ordiijary  requirements  for  similar  mate- 
rials used  in  constructing  such  roads;  that  is,  the  stone  should  be 
clean,  hard,  tough,  and  durable,  and  should  be  graded  in  size  between 
certain  reasonable,  fixed  limits.  It  should  be  uniformly  spread  on 
the  road,  either  from  dumping  boards  by  means  of  shovels  or  from 
wagons  especially  designed  to  spread  the  material  as  it  is  being 
dumped.  Where  whole  loads  are  dumped  in  one  place  and  then 
spread  out  to  the  required  depth,  it  is  very  difficult  to  obtain  uni- 
form density.  Usually  those  spots  where  the  loads  are  dumped  are 
more  densely  compacted  than  the  rest  of  the  base,  and  this  lack  of 
uniformity  very  soon  manifests  itself  by  producing  unevenness  in  the 
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Fio.  3. — Making  proylsion  for  expansion  joint. 

surface  of  the  pavement.  Broken  stone  should  be  compacted 
in  the  usual  manner  by  rolling  the  base  with  a  power  roller  weighing 
not  less  than  about  10  tons,  and  sufficient  clean  stone  chips  to  fill  the 
voids  should  be  spread  and  flushed  into  the  base  while  the  rolling  is 
in  progress.  When  complete  the  base  should  present  a  surface  uni- 
form in  grade  and  cross  section  and  parallel  to  the  proposed  surface 
of  the  finished  pavement. 

Concrete  bases  are  unquestionably  better  adapted  for  brick  pave- 
ments than  any  other  type.  They  are  practically  monolithic  in  form, 
nearly  impervious  to  water,  and  possess  a  relatively  high  crushing 
strength.  All  of  these  qualities  may  be  obtained  with  a  relatively 
"  lean  "  concrete  if  the  subgrade  has  been  properly  prepared.    Under 


Digiti 


zed  by  Google 


VITRIFIBD    BRICK   PAVEMENTS    FOB    COUNTRY   ROADS.  13 

ordinary  circumstances  a  satisfactory  base  may  be  constructed  of 
concrete  composed  of  1  part  of  Portland  cement,  3  parts  of  sand,  and 
from  5  to  7  parts  of  broken  stone  or  screened  gravel. 

The  sand  should  be  clean  and  well  graded  in  size,  and  the  stone  or 
gravel  should  conform  to  the  usual  requirements  for  coarse  aggregate 
to  be  used  in  concrete  construction. 

Foundations  for  brick  pavements  have  also  been  constructed  of 
planks  laid  on  sand,  and  in  some  instances  of  sand  alone.  These 
foundations  have  seldom  proved  satisfactory  for  any  great  length 
of  time,  and  can,  therefore,  be  economically  used  only  when  the 
pavement  is  to  be  constructed  of  an  inferior  grade  of  brick. 

SAND  CUSHION. 

Since  it  is  practically  impossible  to  construct  an  absolutely  smooth 
base,  and  since  there  is  always  a  slight  variation  in  the  size  of  pav- 
ing brick,  owing  to  slight  differences  in  the  amount  of  shrinkage  at 
the  time  of  burning,  it  is  necessary  to  provide  an  adjustable  cushion 
of  some  kind  between  the  base  and  the  brick  for  correcting  these 
slight  irregularities,  in  order  to  secure  an  even  surface  and  a  imiform 
bearing  for  the  brick.  Sand  has  been  found  a  most  satisfactory 
material  of  which  to  construct  this  cushion,  and  is  almost  exclusively 
used  for  this  purpose.  The  proper  thickness  for  the  sand  cushion  will 
of  course  depend  on  the  extent  of  the  inequalities  above  mentioned. 
Two  inches  is  the  most  usual  thickness,  and  has  generally  proved 
very  satisfactory.  One  and  one-half  inches,  however,  is  in  many 
cases  entirely  sufficient. 

The  sand  used  in  the  cushion  should  be  moderately  clean  and  free 
from  pebbles.  If  dirt  or  vegetable  matter  is  present,  it  will  soon  be 
leached  out  and  cause  unevenness  to  develop  in  the  pavement,  while 
pebbles  prevent  the  brick  from  securing  a  uniform  bearing  and  ulti- 
mately produce  the  same  result.  It  is  also  important  that  the  sand 
should  be  dry  when  spread,  especially  if  it  is  fine,  because  a  compara- 
tively small  amount  of  moisture  increases  the  volume  of  fine  sand  con- 
siderably, and  moisture  when  present  is  not,  as  a  rule,  uniformly 
distributed.  Even  if  it  were  uniformly  distributed  at  the  start,  some 
spots  would  dry  out  more'  rapidly  than  others  while  the  spreading 
was  under  way,  and  a  lack  of  imiformity  would  thus  be  produced  in 
the  cushion. 

In  forming  the  cushion  the  sand  is  uniformly  spread  over  the  base 
to  a  depth  slightly  in  excess  of  that  desired,  and  is  then  smoothed  off 
by  drawing  over  it  a  template  shaped  to  conform  with  the  cross  sec- 
tion of  the  finished  pavement.  The  length  of  the  template  is  ordi- 
narily made  equal  to  the  width  of  the  pavement  where  this  is  less  than 
about  25  feet,  and  equal  to  half  the  width  for  wider  pavements. 
Timber  guides  may  be  laid  in  the  same  direction  as  the  pavement  for 
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the  template  to  slide  on,  or  the  curbs  may  be  made  to  serve  as  guides 
wJiere  this  is  convenient. 

After  the  cushion  is  spread  and  uniformly  "  struck  off  "  with  the 
template  to  a  depth  slightly  in  excess  of  that  required,  it  should  be 
thoroughly  compacted  by  rolling  with  a  hand  roller  weighing  from 
800  to  400  pounds,  and  any  depressions  which  form  should  be  cor- 
rected. This  is  necessary  in  order  to  secure  uniform  density  and  to 
prevent  unequal  settlement. of  the  surface. 

HANDUNG  AND  LAYING  THE  BRICK. 

The  brick  may  all  be  hauled  and  piled  at  convenient  interrals 
along  the  sides  of  the  roadway  before  grading  is  begun,  or,  if  more 
convenient,  they  may  be  delivered  as  needed  on  the  work.  Hauling 
over  the  finished  pavement  with  wagons  until  it  is  complete  and 
opened  to  traffic  should  be  avoided.  If  the  brick  are  delivered  on  the 
work  as  needed,  they  should  be  unloaded  from  the  wagons  outside  of 
the  curb  and  carried  to  the  pavers,  either  by  hand  or  in  wheelbar- 
rows. Plank  trackways  should  also  be  provided  over  the  newly  laid 
pavement  for  the  wheelbarrows  when  they  are  used. 

The  brick  should  in  all  cases  be  uniformly  piled  by  hand  on  the  new 
pavement  conveniently  close  for  the  pavers,  and  each  brick  should  be 
so  placed  that  the  regular  operation  of  picking  it  up  and  placing  it  in 
the  pavement  will  bring  the  best  edge  up.  This  method  of  handling 
the  brick  requires  somewhat  more  labor  than  the  c<Hnmon  method  of 
dumping  them  from  wheelbarrows,  but  it  eliminates  to  a  great  extent 
the  practice  of  picking  out  and  turning  over  chipped  or  kiln-marked 
brick  after  the  pavement  is  laid.  This  is  very  objectionable  on  ac- 
count of  the  disarrangement  of  the  sand  cushion,  which  is  frequently 
occasioned. 

The  brick  should  be  laid  on  edge  and  in  uniform  courses,  running 
at  right  angles  to  the  line  of  the  pavement,  except  at  intersections; 
and  in  order  to  "  break  the  joints  "  each  alternate  course  should  begin 
with  a  half  brick.  In  laying  the  brick  the  pavers  stand  on  the  pave- 
ment already  laid  and,  beginning  at  the  curb  each  time,  carry  across 
as  many  courses  together  as  they  can  conveniently  reach.  The  courses 
should  be  kept  straight  and  close  together,  and,  if  necessary,  each 
block  of  eight  or  ten  courses  may  be  driven  back  by  means  of  a  light 
sledge  and  a  piece  of  straight  timber  approximately  2  by  4  inches  by 
5  or  6  feet  long,  though  no  heavy  driving  should  be  permitted.  The 
brick  should  also  be  laid  close  together  in  the  courses. 

After  the  brick  are  laid  the  pavement  should  be  carefully  inspected, 
for  the  purpose  of  detecting  soft  or  otherwise  defective  brick.  Mis- 
shapen or  broken  brick  may  be  detected  by  the  eye  alone,  and  the  soft 
brick  by  sprinkling  the  pavement  with  water.  The  soft  brick  appear 
comparatively  dry  while  the  water  is  being  applied  and  compara- 
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tively  wet  after  the  sprinkling  is  stopped.  All  defective  brick  should 
of  course  be  replaced  by  others  which  meet  the  requirements  of  the 
specifications. 

TRUING  THE  SURFACE. 

After  the  pavement  has  been  laid  and  all  defective  brick  have 
been  replaced  to  the  satisfaction  of  the  engineer,  the  next  step  is  to 
sweep  the  surface  clean,  and  smooth  out  all  inequalities  by  means  of 
ramming  and  rolling.  The*rolling  should  be  done  with  a  power 
roller  weighing  from  3  to  5  tons,  and  the  pavement  should  ordi- 
narily be  rolled  in  both  longitudinal  and  diagonal  directions.  The 
longitudinal  rolling  should  be  done  first,  and  should  begin  at  the 
curbs  and  progress  toward  the  crown.  The  roller  should  pass  at 
least  twice  over  every  part  of  the  pavement  in  each  direction.  In 
order  to  neutralize  any  tendency  which  the  brick  may  have  to  careen 
under  the  roller,  the  number  of  forward  trips  over  any  part  of  the 
pavement  should  equal  the  number  of  trips  backward  over  the  same 
part. 

In  places  where  it  is  impracticable  to  use  the  roller  for  truing  the 
surface — such,  for  example,  as  along  the  curbs  or  concrete  gutters 
or  around  manholes — the  brick  should  be  brought  to  a  true  surface 
by  means  of  ramming.  For  this  purpose  a  wooden  rammer  loaded 
with  lead  and  weighing  from  80  to  100  pounds  may  be  used.  The 
blows  of  the  rammer  should  not  fall  directly  upon  the  brick,  but 
should  be  transmitted  through  a  2-inch  board  laid  parallel  to  the 
curb. 

After  the  pavement  has  been  trued  up,  as  described  above,  it 
should  be  inspected  again  for  broken  or  otherwise  damaged  brick, 
and  also  for  those  which  have  settled  excessively,  owing  to  some 
lack  of  uniformity  in  the  sand  cushion.  All  defects  should  be  cor- 
rected, and  the  areas  disturbed  in  making  the  corrections  should  be 
brought  to  a  true  surface  by  tamping  or  rolling. 

nLLING  THE  JOINTS. 

In  order  to  keep  the  brick  in  proper  position  and  protect  the 
edges  from  chipping  it  is  necessary  to  fill  the  joints  with  some  suit- 
able material  before  the  road  is  opened  to  traffic.  The  materials 
which  have  in  the  past  been  most  commonly  used  for  this  purpose 
are  sand,  various  bituminous  preparations,  and  a  grout  made  of  equal 
parts  of  Portland  cement  and  fine  sand  mixed  with  water. 

Sand  .is  the  least  expensive  of  these  materials,  but  there  are  sev- 
eral very  serious  objections  to  its  use  as  a  joint  filler:  (1)  It  does 
not  protect  the  edges  of  the  brick;  (2)  it  is  easily  disturbed  in  clean- 
ing the  pavement  and  is  likely  to  be  washed  out  by  rain  on  steep 
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grades;  (3)  it  does  not^  entirely  prevent  water  from  penetrating 
through  to  the  foundation ;  and  (4)  it  does  not  bond  the  individuil 
brick  together  and  so  enable  them  to  present  a  concerted  resistance 
to  traffic. 

The  bituminous  fillers  vary  considerably  in  quality  and  efficiency, 
but  all  are  more  or  less  unsatisfactory.  One  of  the  principal  objec- 
tions to  their  use  is  based  on  their  tendency  to  run  out  of  the  joints 
into  the  gutters  during  warm  weather  and  to  crack  and  spall  out 
during  cold  weather.  This  tendency 'can,  of  course,  be  partially 
overcome  by  exercising  proper  care  in  selecting  the  materials.  It 
should  also  be  noted  in  their  favor  that  brick  pavements,  the  joints 
of  which  have  been  fiilled  with  bituminous  preparations,  are  ordi- 
narily less  noisy  at  first  than  those  in  which  a  Portland  cement  grout 
filler  has  been  used.  The  grout  filler  is  unquestionably  very  mudi 
superior  from  a  standpoint  of  durability,  however,  and  the  excessive 
noise  under  traffic  which  has  been  frequently  observed  in  connection 
with  its  use  can  be  largely  eliminated  by  the  use  of  proper  bituminous 
expansion  cushions  along  the  curbs.  It  is,  therefore,  reconmiended 
as  better  adapted  for  filling  the  joints  in  brick  pavements  than 
any  other  material  which  has  been  conmicHdy  used  for  that  purpose. 

When  the  joints  of  a  brick  pavement  are  properly  fiilled  with 
Portland  cement  grout  the  individual  brick  are  firmly  bonded  to- 
gether and  the  pavement  is  thereby  practically  converted  into  a 
monolith.  Moreover,  since  the  material  composing  the  joints  scarcely 
wears  more  rapidly  than  the  brick,  ihe  edges  of  the  brick  are  well 
protected,  and  the  importance  of  this  feature  has  already  been 
pointed  out. 

The  most  satisfactory  method  yet  devised  for  mixing  and  applying 
the  grout  filler  may  be  described  as  follows :  Grout  boxes,  constructed 
in  such  manner  that  when  resting  on  a  level  platform  one  comer 
will  be  lower  thani;he  others,  should  first  be  provided.  A  suitable 
design  for  such  boxes  is  shown  in  Plate  II.  The  number  of  boxes 
required  depends  on  the  width  of  the  pavement ;  ordinarily  one  box 
to  each  10  feet  of  width  will  be  found  sufficient.  The  grout,  which 
should  be  put  on  in  two  applications,  is  prepared  in  batches  each  of 
which  consists  of  a  quantity  of  cement  not  exceeding  one  sack,  a  like 
amount  of  fine,  clean  sand,  and  water.  The  sand  and  cen^ent  should 
first  be  thoroughly  mixed  dry  and  sufficient  water  then  added  to 
produce  a  liquid  mixture.  The  consistency  of  the  mixture  for  the 
first  application  should  be  approximately  the  same  as  that  of  ordi- 
nary cream,  and  for  the  second  application  it  should  be  somewhat 
thicker. 

The  pavement  should  be  cleaned  and  thoroughly  sprinkled  as  % 
preliminary  to  making  the  first  application  of  grout,  and  it  should 
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Plate  I. 
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Plate  11. 
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FiQ.  2.— Rolling. 
PREPARING    THE    SUBGRADE    FOR    A    BRICK    ROAD. 
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Plate  IV. 
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Plate  V. 


Fig.  1  .--Spreadinq  Sand  Cushion. 


FiQ.  2.— Rolling  Sand  Cushion. 
EXPERIMENTAL    ROAD    AT    CHEVY    CHASE,    MD. 


Digiti 


zed  by  Google 


Bui.  246,  U.  S.  Dept.  of  Agriculture.  PLATE  VI. 


FiQ.  1  .—Laying  the  Brick. 


FiQ.  2.— Rolling  the  Pavement. 
EXPERIMENTAL    ROAD    AT    CHEVY    CHASE,    MD. 
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Fig.  2.— Filling  the  Joints,  Second  Coat. 
EXPERIMENTAL    ROAD    AT    CHEVY    CHASE,    MD. 
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FiQ.  2.— Showing  Properly  Filled  Grout  Joints. 
EXPERIMENTAL    ROAD    AT    CHEVY    CHASE,    MD, 
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Fig.  2.— Grout-Filled  Brick  Pavement,  Having  Longitudinal  Joints  in  Center 
AND  Occasional  Transverse  Joints  Filled  with  Soft  Filler. 

Unsightly  appearance  at  right  caused  by  widening  roadway. 
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be  kept  moist  by  gentle  sprinkling  while  this  application  is  being 
made.  The  grout  should  be  swept  into  the  joints  immediately  after 
it  is  removed  from  the  boxes  and  spread  upon  the  pavement.  For 
this  purpose  a  coarse  rattan  or  fiber  push  broom  should  be  used  in  the 
first  application  and  a  squeegee  in  the  second  application.  The 
squeegee  is  usually  made  by  clamping  a  piece  of  four-ply  rubber 
belting  or  some  other  similar  material,  about  6  by  20  inches  in  size, 
between  two  pieces  of  board  and  attaching  a  suitable  handle.  The 
grout  in  the  boxes  should  be  continually  stirred  until  the  last  of  it 
is  removed,  otherwise  a  separation  of  the  sand  and  cement  will  almost 
certainly  o(x;ur. 

The  first  application  should  proceed  ?ibout  50  feet  in  advance  of  the 
second.  Usually  both  applications  are  made  by  the  same  crew  of 
laborers.  They  simply  turn  back  after  having  covered  the  allowable 
distance  with  the  first  application  and,  mixing  the  grout  in  the  same 
boxes,  bring  up  the  second  application.  The  second  application  of 
grout  should  completely  fiill  the  joints  flush  with  the  top  of  the  brick. 

After  .the  joints  are  filled  as  described  above  and  the  grout  has 
taken  its  initial  set,  the  entire  surface  should  be  covered  to  a  depth 
of  approximately  1  inch  with  sand  or  fine  earth.  This  is  done  to 
protect  the  pavement  from  the  weather  and  to  keep  it  in  a  moist 
condition  while  the  grout  is  hardening.  If  necessary,  in  order  to 
keep  the  covering  moist,  it  should  be  occasionally  sprinkled  for 
several  days  after  it  is  spread. 

The  covering  should  be  permitted  to  remain  on  the  surface  for 
at  least  10  days,  and  during  this  period  the  pavement  should  be 
kept  entirely  closed  to  traffic.  If  the  weather  is  unfavorable,  the 
length  of  time  during  which  traffic  is  kept  off  the  road  should  be 
increased. 

EXPANSION  CUSraONS. 

It  has  been  customary  in  the  past  to  provide  both  longitudinal  and 
transverse  bituminous  expansion  cushions  in  grout-filled  brick  pave- 
ments, but  recent  practice  has  demonstrated  that  the  transverse 
cushions  may  be  advantageously  omitted  if  proper  longitudinal 
cushions  are  provided.  The  principal  objection  to  the  use  of  trans- 
verse expansion  cushions  is  based  on  the  fact  that  the  material  com- 
posing the  cushions  frequently  softens  during  warm  weather  and 
runs  out  toward  the  curb,  thus  leaving  the  edges  of  the  adjoining 
brick  exposed  to  destructive  impact  from  the  wheels  of  passing 
vehicles.  Even  if  the  cushion  consists  of  a  material  which  does  not 
run  in  warm  weather,  it  is  necessarily  softer  than  the  brick,  and  the 
natural  result  is  still  the  development  of  unevenness  in  its  immediate 
vicinity.  No  such  objection  can  exist  concerning  longitudinal  ex- 
pansion cushions,  however,  if  they  are  placed  adjacent  to  the  curbs 
92742''— 15 3 
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and  constructed  of  proper  material.  They  not  only  furnish  a  means 
for  the  pavement  to  expand  and  contract  with  changes  in  t^npera- 
ture,  but  they  also  eliminate  to  a  large  extent  the  disagreeabk 
rumbling  which  has  been  so  frequently  associated  with  grout-filled 
brick  pavements. 

The  bituminous  material  of  which  the  expansion  cushions  are  made 
should  be  such  as  to  remain  firm  in  summer  and  not  to  become  brittle 
in  winter.  It  should  also  possess  the  quality  of  durability.  In  order 
to  insure  that  any  given  material  is  suited  for  such  a  purpose,  it  is 
usually  considered  necessary  to  prescribe  certain  laboratory  require- 
ments to  which  it  must  conform,  and  examples  of  these,  which  have 
been  found  to  give  good  results,  are  contained  in  the  section  entitled 
**  Typical  specifications."     (Cf.  p.  22  et  seq.) 

Expansion  cushions  should  be  provided  for  at  the  time  the  brick 
are  laid,  by  placing  a  board  of  the  required  thickness  on  edge  adjacent 
to  each  curb,  as  shown  in  figure  3.  Small  iron  wedges,  such  as  are 
shown  in  this  figure,  may  be  inserted  between  the  curb  and  the  board 
at  the  time  the  board  is  set.  These  wedges  may  be  readily  loosened 
and  removed  after  the  bricks  have  been  laid  and  grouted,  and  may 
consequently  be  made  to  facilitate  the  removal  of  the  board. 

The  proper  thickness  for  expansion  cushions  is  a  matter  concerning 
which  much  difference  of  opinion  exists  among  highway  engineers. 
Some  engineers  advocate  a  minimum  thickness  of  1  inch,  while  others 
claim  to  have  secured  their  best  results  by  using  expansion  cushicHis 
having  a  minimum  thickness  as  low  as  three-eighths  inch  for  very 
narrow  pavements.  It  is  generally  agreed  that  the  thickness  of  tlra 
cushion  should  vary  with  the  width  of  the  pavement.  The  following 
suggestions  for  proportioning  the  cushion  are  offered  as  being  f airiy 
representative  of  the  best  practice : 

Table  1. — Ratio  of  thickness  of  cushions  to  width  of  roadway. 


Width  of  roadway 
(feet). 

Thick- 
ness of 
cushion 
(inches). 

20  or  less 

1 

aoto30 

30  to  40 

Over  40 

Plates  III  to  VII,  and  Plate  VIII,  figure  1,  show  the  various  steps 
in  the  construction  of  a  brick  pavement  Plate  VIII,  figure  2,  and 
Plate  IX,  figure  1,  show  the  finished  pavement  as  it  should  appear, 
and  Plate  IX,  figure  2,  shows  the  advantage  possessed  by  grout-fiDed 
joints  over  joints  filled  with  a  soft  material. 
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COST  OF  BRICK  PAVEMENTS. 

The  cost  of  brick  pavements  varies  widely  and  is  affected  by  so 
many  influences  that  it  is  difficult  to  attempt  to  derive  a  general 
expression  showing  the  relation  between  probable  cost  and  local  con- 
ditions. The  prices  of  brick,  as  also  the  prices  of  the  various  materials 
entering  into  the  foundation,  vary  greatly  according  to  the  locality 
and  the  freight  rate.  The  cost  and  efficiency  of  labor  is  also  far  from 
being  constant.  Furthermore,  the  material  composing  the  subgrade 
and  the  method  of  preparing  it  may  exert  a  marked  influence  on  the 
cost  of  the  pavement.  The  following  statements  regarding  cost, 
then,  must  be  considered  as  representing  average  conditions,  and 
care  must  be  exercised  in  applying  them  to  special  cases.  They  are 
intended  as  a  guide  in  preparing  estimates  of  probable  cost. 

The  grading  is  usually  paid  for  by  the  cubic  yard,  and  the  cost,  of 
course,  varies  with  the  character  of  the  soil  and  the  necessary  amount 
of  excavation.  In  light,  easily  loosened  soils,  grading  may  usually 
be  done  at  from  25  to  40  cents  per  cubic  yard.  In  hard  earth  con- 
taining more  or  less  loose  rock  the  cost  per  cubic  yard  generally  runs 
from  40  to  75  cents,  while  grading  in  solid  rock  may  sometimes  cost 
as  much  as  $1.50  per  cubic  yard.  The  cost  of  the  rough  grading 
should  be  considered  entirely  apart  from  the  cost  of  the  pavement. 

The  cost  of  shaping  and  rolling  the  subgrade  after  the  rough  grad- 
ing is  completed  will  ordinarily  vary  from  3  to  5  cents  per  square 
yard.  This  cost  should  be  included  with  the  other  items  which  make 
up  the  cost  of  the  pavement. 

The  cost  of  the  curbs  varies  with  the  character  of  the  material 
used.  Stone  curbs  ordinarily  cost  from  25  to  75  cents  per  linear  foot, 
while  curbs  made  of  Portland  cement  concrete  cost,  as  a  rule,  from  20 
to  50  cents  per  linear  foot.  The  higher  prices  for  the  concrete  curbs 
apply  principally  to  special  cases  requiring  extra  form  work  or  con- 
siderable extra  material. 

The  cost  of  the  foundation  depends  largely  on  the  cost  of  the 
materials  with  which  it  is  constructed.  Gravel  or  broken  stone  can 
usually  be  spread  and  rolled  at  from  5  to  7  cents  per  square  yard, 
while  the  cost  of  these  materials,  delivered,  varies  from  $0.60  to  $2 
per  cubic  yard.  Mixing  and  placing  concrete  usually  costs  from  35 
to  75  cents  per  cubic  yard,  according  to  the  amount  of  work  to  be 
done  and  the  methods  employed,  and  the  cost  of  the  materials, 
delivered,  ordinarily  varies  from  $2.50  to  $4.50  per  cubic  yard  of 
concrete. 

The  cost  of  paving  brick  at  the  kiln  varies  from  about  $13  to  $16 
per  thousand.  Estimating  40  brick  to  the  square  yard,  each  1,000 
brick  cover  approximately  25  square  yards,  which  makes  the  cost  at 
the  kiln  per  square  yard  of  pavement  vary  from  55  cents  to  about  65 
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cents.  These  figures  mean  very  little,  unless  the  kiln  is  located  con- 
veniently near  where  the  brick  are  to  be  used,  for  freight  charges  not 
infrequently  amount  to  more  than  the  cost  of  the  brick. 

A  force  consisting  of  one  paver  and  five  laborers  should  place  on  an 
average  about  220  square  yards  of  brick  per  10-hour  day;  while 
supervision,  rolling,  and  incidental  expenses  are  ordinarily  equivalent 
to  the  cost  of  hiring  about  three  and  one-half  additional  laborers. 

If  C  =  cost  of  cement  per  barrel,  S  =  cost  of  sand  per  cubic  yard, 
A  =  cost  of  coarse  aggregate  per  cubic  yard,  B  =  cost  of  paving 
bricks  per  1,000,  and  L  =  cost  of  labor  per  hour,  with  all  materials 
considered  delivered  on  the  work  and  all  costs  expressed  in  cents,  then 
the  probable  cost  of  constructing  a  brick  pavement,  including  the 
subgrade,  a  6-inch  concrete  foundation,  and  suitable  curbs,  may  be 
estimated  by  substituting  in  the  formula : 

Ck>st  per  square  yard  =  1.90  L  -f  .213  C  -f  .138  8  4-  .157  A  -f  .OiO  R 

The  cost  as  estimated  from  this  formula  should  usually  be  in- 
creased by  about  10  per  cent  to  allow  for  wear  on  tools  and  machin- 
ery and  to  guard  against  unforeseen  contingencies.  If  it  is  desired 
to  use  a  different  thickness  of  foundation,  it  is  safe  to  assume  that 
each  inch  subtracted  or  added  to  the  thickness  of  the  foundation  will 
make  a  corresponding  difference  of  from  8  to  12  cents  in  the  cost  per 
square  yard. 

MAINTENANCE  OF  BRICK  PAVEMENTS- 

If  brick  pavements  are  properly  constructed  at  the  start,  the  work 
of  maintaining  them  is  very  slight.  Under  the  closest  inspecdoo, 
however,  some  inferior  material  is  likely  to  become  incorporated 
either  in  the  foundation,  or  in  the  surface,  and  it  is  therefore  very 
important  that  a  brick  pavement  be  very  carefully  watched  for  the 
first  few  years  of  its  life  to  see  that  no  imevenness  develops  either 
because  of  defective  brick  having  been  used  in  the  surface  or  because 
of  insufficient  support  from  the  foimdation  at  any  point  Whenever 
any  unevenness  develops,  it  should  be  immediately  rectified.  Other- 
wise the  pavement  will  become  irregularly  worn  in  the  vicinity  of  the 
defects,  and  expensive  repairs  will  eventually  be  necessary. 

Xot  infrequently  weak  spots  develop  in  broken  stone  or  gravel 
foundations,  owing  to  surface  water  finding  its  way  through  joints 
in  the  pavement  which  have  not  been  properly  filled  with  grout 
Careful  observation  of  the  joints  should  therefore  constitute  a  part 
of  the  early  maintenance  work,  and  any  defective  joints  discovered 
should  be  immediately  remedied.  ^Vhere  the  foundation  is  con- 
structed of  concrete,  however,  slight  defects  in  the  joints  seldcwn 
result  in  any  very  serious  damage. 
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If  care  is  exercised  to  correct  all  defects  which  appear  within  the 
first  few  years  of  the  life  of  a  well-constructed  brick  pavement,  the 
work  of  maintaining  the  pavement  proper  should  thereafter,  except 
for  cleaning,  be  almost  negligible  for  a  considerable  period.  The 
shoulders  and  drainage  structures,  of  course,  need  occasional  atten- 
tion, just  as  in  the  case  of  any  other  pavement,  but  if  they  are  properly 
constructed  at  the  start  repairs  will  usually  be  very  slight. 

The  life  of  a  well-constructed  brick  pavement  can  not  be  estimated 
with  any  great  degree  of  exactness,  first,  because  the  traffic  condi- 
tions are  constantly  changing,  and,  second,  because  no  brick  pave- 
ment which  has  been  constructed  in  accordance  with  the  best  modem 
practice  has  yet  worn  out.  Such  measurements  as  have  been  made  of 
the  amounts  of  wear  sustained  by  given  pavements  during  compara- 
tively long  periods  of  years  have  not  been  sufficient  to  warrant  any 
very  definite  conclusions  as  to  the  probable  terms  of  service,  though 
they  indicate  that  good  paving  brick  wear  very  slowly  imder  ordi- 
nary traffic.  It  is  evident  that  in  order  to  secure  the  full  benefit  of 
this  excellent  resistance  to  wear  the  surface  of  the  pavement  must  not 
be  permitted  to  become  uneven  because  of  the  failure  of  a  brick  here 
and  there. 

CONCLUSION. 

Before  concluding  this  discussion  of  brick  pavements,  it  would 
seem  desirable  to  emphasize  the  importance  of  proper  engineering 
supervision.  In  the  past  many  communities  have  expended  large 
sums  in  efforts  to  improve  their  public  highways  without  first  having 
secured  the  services  of  some  one  competent  to  plan  and  direct  the 
work.  The  results  have  usually  been  very  unsatisfactory  under  such 
circumstances  and  have  frequently  served  to  discourage  further  effort. 
One  of  the  mistakes  most  commonly  observed  consists  in  constructing 
some  expensive  type  of  pavement  on  a  road  where  the  location  is 
faulty  or  the  grades  are  impracticable.  Not  infrequently  sharp  angles 
in  the  alignment  or  abrupt  changes  in  the  grade,  which  might  be 
easily  and  inexpensively  remedied  by  an  experienced  engineer,  are 
left  to  impede  traffic  throughout  the  life  of  a  costly  and  perhaps 
durable  pavement. 

Even  in  constructing  common  earth  roads  it  is  doubtful  economy 
to  dispense  with  the  services  of  a  competent  engineer,  and  if  any 
considerable  quantity  of  work  is  to  be  done,  such  services  should 
certainly  be  secured.  Since  brick  pavements  are  probably  more  ex- 
pensive to  construct  than  any  other  type  of  pavement  at  present  used 
for  country  roads,  it  is  all  the  more  important  that  their  construction 
should  be  carefully  planned  and  well  executed. 
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APPENDIX  A. 
Typical  Specifications  for  Conatmctinir  Brick  Roads. 


SPBanCATIONS  ^  FOR  GRADING  AND  SURFACING  WITH  BRICK  THE 

ROAD. 

Location. — The  work  referred  to  in  these  specifications  Is  to  be  done  ftn  the 

road,  beginning  at and  extending  in  a 

direction  through to ,  a 

distance  of miles. 

Work  to  he  done. — The  contractor  shall  do  all  clearing  and  grubbing,  make 
all  excavations  and  embankments,  do  all  shaping  and  surfacing,  (constmct  aU 
drainage  structures  and  other  appertaining  structures),*  move  all  obstructions 
in  the  line  of  the  work,  and,  unless  otherwise  provided  in  these  specificatioDs, 
shall  furnish  all  equipment,  materials,  and  labor  for  the  same.  In  short,  the 
contractor  shall  construct  said  road  in  strict  accordance  with  the  plans  and 
specifications  and  shall  leave  the  work  in  a  neat  and  finished  condition. 

PLAITS    Ain)    DRAWIITGS. 

The  plans,  profiles,  cross  sections,  and  drawings  on  file  in  the  office  of 
at  show  the  location,  profile,  de- 
tails, and  dimensions  of  the  work  which  is  to  be  done.  The  work  shall  be 
constructed  according  to  the  above-mentioned  plans,  profiles,  cross  sections, 
and  drawings,  which  shall  be  recognized  as  a  part  of  these  specifications.  Any 
variation  therefrom  which  may  be  required  by  the  exigencies  of  constmcti<Mi 
will  in  all  cases  be  determined  by  the  engineer.  On  all  drawings,  figured 
dimensions  are  to  govern  in  cases  of  discrepancies  between  scale  and  figures^ 


Grading  shall  include  the  moving  of  all  earth,  stone,  and  any  other  material 
that  may  be  encountered,  all  filling,  borrowing,  trimming,  picking  down,  shap- 
ing, sloping,  and  all  other  work  that  may  be  necessary  to  bring  the  road  and 
subgrade  to  the  required  grade,  alignment,  and  cross  section,  the  clearing  out 
of  waterways  and  old  culverts,  the  excavation  of  all  necessary  drainage  and 
outlet  ditches,  the  grading  of  a  proper  connection  with  all  intersecting  hlgli- 
ways,  the  grubbing  up  and  clearing  away  of  all  trees,  stumps,  and  boulders 
within  the  lines  of  the  improvement,  and  the  remotal  of  any  muck,  soft  day, 
or  spongy  material  which  will  not  compact  under  the  roller,  so  as  to  make  a 
firm,  unyielding  subgrade. 

All  trees,  stumps,  and  roots  within  the  limit  of  the  improvement  shall  be 
grubbed,  up  so  that  no  part  of  them  shall  be  within  six  (6)  Inches  of  the  sur- 
face of  the  ground  or  within  eighteen  (18)  inches  of  the  surface  of  the 
subgrade. 

1  These  specifications  are  substantially  those  prepared  in  the  fall  of  1913  by  the  Office 
of  Public  Roads  for  a  project  of  considerable  magnitude. 

s  The  clause  In  parentheses  should  be  omitted  if  plans  and  specifications  for  draluce 
structures  are  not  Included, 
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embankments  shall  be  formed  of  good,  sound  earth  and  carried  up  full  width. 
The  earth  shall  be  deposited  in  layers  not  more  than  one  (1)  foot  in  thickness, 
and  each  layer  shall  be  rolled  until  thoroughly  compacted  with  a  roller  weigh- 
ing not  less  than  tai  (10)  ton&  All  existing  slopes  and  surfaces  of  embank- 
ments shall  be  plowed  or  scarified  where  additional  fill  is  to  be  made,  in  order 
that  the  old  and  new  material  may  bond  together.  When  sufficient  material 
is  not  available  within  the  fence  lines  to  complete  the  embankments,  suitable 
borrow  pits,  from  which  the  contractor  must  obtain  the  necessary  material, 
will  be  designated  by  the  engineer.  If  there  is  more  material  taken  from  the 
cuts  than  is  required  to  construct  the  embankments  as  shown  oh  the  plans,  the 
excess  material  shall  be  used  in  uniformly  widening  the  embankments  or  shall 
be  deposited  where  the  engineer  may  direct.  Where  embankments  are  formed 
of  stone  the  material  shall  be  carefully  placed,  so  that  all  large  stones  shall  be 
well  distributed  and  the  Interstices  shall  be  completely  filled  with  smaller  stone, 
earth,  sand,  or  gravel,  so  as  to  form  a  solid  embankment 

During  the  work  of  grading,  the  sides  of  the  road  shall  be  kept  lower  than  the 
center  and  the  surface  maintained  in  condition  for  adequate  drainage. 

The  grading  of  any  portion  of  the  road  shall  be  complete  before  any  surfacing 
material  is  placed  on  that  portion ;  and  where  the  plans  do  not  call  for  any  sub- 
stantial change  in  tlie  grade  of  any  existing  section  of  the  road  the  surface  shall 
be  completely  scarified  to  a  depth  of  three  (3)  inches  or  more  before  the  sub- 
grade  is  prepared. 

SUBGBAOE. 

The  subgrade,  or  that  portion  of  the  road  upon  which  the  base  for  the  brick 
roadway  is  to  be  laid»  shall  consist  of  good,  sound  earth  brought  to  the  proper 
elevation,  all^n^nent,  and  cross  section,  and  shall  be  rolled  until  firm  and  hard. 
The  rolling  shall  be  done  with  a  roller  of  the  macadam  type,  weigliing  not  less 
than  ten  (10)  tons  and  not  more  than  fifteen  (15)  ton&  Should  earth  be  en- 
countered which  will  not  compact  by  rolling,  so  as  to  be  firm  and  hard,  it  shall 
be  removed  and  suitable  material  put  in  its  place,  and  that  portion  of  the  sub- 
grade  shall  be  again  rolled.  When  the  rolling  is  completed  the  surface  of  the 
subgrade  shall  conform  to  the  cross  section  shown  on  the  plans,  and  shall  have 
the  proper  elevation  and  alignment,  and  shall  be  so  maintained  until  the  con- 
crete base  is  in  place. 

MATERIALS. 

Cement. — The  cement  for  use  in  this  work  shall  meet  the  requirements  of  the 
United  States  Crovemment  specifications  for  Portland  cement  as  published  in 
Circular  No.  33,  United  States  Bureau  of  Standards,  issued  May  1, 1012. 

All  cement  shall  be  held  at  least  ten  (10)  days  after  sampling  before  it  is  used 
in  any  part  of  the  work.  If  the  cement  satisfactorily  passes  all  tests  that  may 
be  made  within  that  time,  it  may  be  used  and  the  twenty-eight  (28)  day  test 
will  not  be  insisted  upon;  but  if  it  should  f^il  to  pass  satisfactorily  any  test 
made  within  that  time,  then  the  cement  shall  not  be  used  until  it  has  satis- 
factorily passed  all  tests,  including  the  twenty-eight  (28)  day  test  All  cement 
shall  be  delivered  on  the  work  in  cloth  or  paper  bags,  containing  ninety-four 
(94)  pounds,  net  weight,  and  this  amount  of  cement  shall  be  considered  as 
having  a  volume  of  one  (1)  cubic  foot  In  order  to  allow  ample  time  for  in- 
specting and  testing,  the  cement  shall  be  stored  in  a  suitable  weather-tight 
building,  having  the  floor  blocked  or  raised  from  the  ground,  and  shall  be  so 
stored  as  to  permit  of  easy  access  for  inspection,  and  so  that  each  carload  ship- 
ment may  i>e  readily  identified. 
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Sand. — The  sand  for  use  as  flue  aggregate  in  all  concrete  shall  be  composed 
of  particles  of  hard,  durable  stone  and  not  more  than  three  (3)  per  cent,  by 
weight,  of  clay  or  silt  No  clay,  however,  will  be  permitted  \t  it  occurs  as  a 
coating  on  the  sand  grains.  The  grains  shall  be  of  such  sizes  that  all  will  imss 
a  one-fourth  (i)  Inch  mesh  screen,  tliat  not  more  than  twenty  (20)  per  cent  will 
pass  a  No.  50  sieve,  and  that  not  more  ♦an  sixty  (60)  per  cent  nor  less  than 
twenty  (20)  per  cent  will  be  retained  on  a  No.  20  sieve.  The  sand  shall  be  of 
such  quality  that  a  mortar  made  in  the  proportion  of  one  (1)  part  of  cement 
to  three  (3)  parts  of  the  sand,  according  to  standard  methods,  when  tested  at 
any  age  not  exceeding  twenty-eight  (28>  days,  will  have  a  tensile  strength  of 
at  least  one  hundred  (100)  per  cent  of  that  developed  in  mortar  of  the  same 
proportions  made  of  the  same  cement  and  standard  Ottawa  sand.  The  cement 
used  In  these  tests  shall  be  from  an  accejited  shipment  of  that  proiwsed  for  use 
with  the  sand. 

The  sand  for  the  sand  cushion  shall  be  composed  of  particles  of  hard,  durable 
stone  and  not  more  than  five  (5)  per  cent,  by  weight,  of  clay,  loam,  or  silt. 
The  sizes  of  the  grains  shall  be  such  that  all  will  pass  a  one-fourth  (i)  inch 
mesh  screen  and  not  more  than  fifty  (50)  per  cent  will  pass  a  No.  30  sieve. 
Stone  screenings  will  not  be  accepted  for  use  in  the  sand  cushion. 

The  sand  for  the  grout  filler  shall  be  composed  of  quartz  grains  and  not 
more  than  one  (1)  per  cent,  by  weight,  of  clay  or  silt  The  grains  shall  be  of 
such  size  that  all  will  pass  a  No.  20  sieve  and  that  not  more  than  forty  (40) 
per  cent  will  pass  a  No.  50  sieve.  The  sand  shall  be  of  such  quality  that  a  mor- 
tar made  In  the  proportion  of  one  (1)  part  of  cement  to  three  (3)  parts  of  the 
sand,  according  to  standard  methods,  when  tested  at  any  ac:e  not  exceeding 
twenty-eight  (28)  days,  will  have  a  tensile  strength  of  not  less  than  severty- 
five  (75)  per  cent  of  that  developed  in  mortar  of  the  same  proportions  made  of 
the  same  cement  and  standard  Ottawa  sand.  The  cement  used  in  these  tests 
shall  be  from  an  accepted  shipment  of  that  proposed  for  use  with  the  sand. 

Gravel. — The  gravel  for  use  In  the  concrete  base  shall  be  composed  of  hard, 
sound,  durable  particles  of  stone  and  not  more  than  three  (3)  per  cent,  by 
weight,  of  clay  or  silt.  No  clay,  however,  will  be  permitted  if  it  occurs  as  a 
coating  on  the  particles  of  stone  or  as  lumps  more  than  one  (1)  inch  in  diame- 
ter. The  particles  of  stone  shall  be  graded  in  size  between  those  retained  on  a 
screen  having  circular  openings  one-fourth  H)  inch  in  diameter,  or  a  one 
fourth  (i)  inch  mesh  screen,  and  those  passing  a  screen  having  circular  open- 
ings two  (2)  Inches  In  diameter.  Not  more  than  seventy-five  (75)  per  cent 
of  the  particles  shall  pass  and  not  more  than  seventy-five  (75)  i)er  cent  shall 
be  retained  on  a  screen  having  circular  openings  three-fourths  (i)  inch  Id 
diameter. 

The  gravel  for  use  In  the  concrete  curbs  shail  be  composed  of  hard,  sound, 
durable  particles  of  stone,  thoroughly  clean  and  graded  in  size  between  those 
retained  on  a  screen  having  circular  openings  one-fourth  (i)  Inch  In  diameter,  or 
a  one-fourth  (i)  inch  mesh  screen,  and  those  passing  a  screen  having  circular 
openings  one  (1)  inch  in  diameter.  Not  less  than  forty  (40)  per  cent  shall  be 
retained  on  and  not  less  than  twenty  (20)  per  cent  shall  pass  a  one-tialf  (i) 
Inch  mesh  screen. 

Crushed  atone. — ^The  crushed  stone  for  use  in  the  concrete  base  shall  be  clean, 
sound,  and  durable,  and  shall  be  composed  of  all  that  part  of  the  product  of  the 
crusher  which  is  retained  on  a  screen  having  circular  openings  one-fourth  (i) 
Inch  in  diameter,  or  a  one-fourth  (i)  inch  mesh  screen,  and  which  passes  a 
screen  having  circular  openings  two  (2)  inches  in  diameter.  A  sample  of  the 
stone,  when  subjected  to  the  physical  tests  as  described  in  the  United  SUtes 
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Office  of  Public  Roads  Bulletiii  No.  44,  sball  satisfactorily  meet  the  following 
requirements : 

Hardness  not  less  than  ten  (10),  toughness  not  less  than  five  (5),  and  per 
cent  of  wear  not  more  than  twelve  (12).* 

The  crushed  stone  for  use  in  the  concrete  curb  shall  be  clean,  sound,  and 
durable,  and  shall  be  composed  of  all  that  part  of  the  product  of  the  crusher 
which  is  retained  on  a  screen  having  circular  openings  one-fourth  (I)  inch  in 
diameter,  or  a  one-fourth  (i)  inch  mesh  screen,  and  wliich  passes  a  screen  liav- 
ing  circular  openings  one  and  one-fourth  (1^)  inches  in  diameter.  A  sample  of 
the  stone,  when  subjected  to  the  physical  tests  as  described  in  the  United  States 
Office  of  Public  Roads  Bulletin  No.  44,  shall  satisfactorily  meet  the  following 
requirements: 

Hardness  not  less  than  twelve  (12),  toughness  not  less  than  six  (6),  and  per 
cent  of  wear  not  more  than  ten  (10).* 

Blof/.^-'The  slag  for  use  in  the  concrete  base  shall  be  steel-furnace  slag,  broken 
to  such  sizes  that  all  of  the  particles  will  pass  a  screen  liaving  circular  openings 
two  (2)  inches  in  diameter  and  will  be  retained  on  a  screen  having  circular 
opeiings  one-fourth  (i)  inch  in  diameter,  or  a  one-fourth  (i)  inch  mesh  screen. 
Not  more  than  seventy-five  (75)  per  cent  of  the  imrticles  shall  pass  and  not 
more  than  seventy-five  (75)  per  cent  shall  be  retained  on  a  screen  liaving  cir- 
cular openings  three-fourths  (})  inch  in  diameter. 

The  material  shall  be  reasonably  uniform  in  character,  and  a  sample,  when 
subjected  to  the  physical  tests,  as  described  in  United  States  Office  of  Public 
Roads  Bulletin  No.  44,  shall  satisfactorily  meet  the  following  requlr^nents : 

Specific  gravity  not  less  than  two  and  one-tenth  (2.1),  hardness  not  less  than 
fifteen  (15),  toughness  not  less  than  five  (5),  and  per  cent  of  wear  not  more 
than  fifteen  (15). 

A  sample  of  the  slag  proposed  to  be  used,  weighing  not  less  than  one  hun- 
dred (100)  pounds,  shall  be  furnished  to  the  engineer  by  the  contractor  at  least 
thirty  (80)  days  before  it  is  proposed  to  use  the  slag  in  the  work.  Test  speci- 
mens of  concrete,  composed  of  one  (1)  part  of  cement,  two  and  one-lialf  (2}) 
parts  of  sand,  and  five  (5)  parts  of  the  slag,  may  be  made,  and  they  shall  have  a 
compressive  strength,  when  tested  at  any  age  not  exceeding  twenty-eig^t  (28) 
days,  equal  to  that  of  a  concrete  composed  of  one  (1)  i>art  of  cement,  two  and 
one-half  (2})  parts  of  sand,  and  five  (5)  parts  of  crushed  stone  of  the  quality 
herein  specified  for  the  concrete  base. 

Water.— The  water  used  in  the  mixing  of  concrete  or  grout  shall  be  free  from 
oil,  acid,  alkali,  or  vegetable  matter,  and  fairly  free  from  clay  or  silt 

Brick, — ^The  brick  shall  be  standard  wire-cut  lug  or  re-pressed  paving  block. 
The  standard  size  of  brick  shall  be  three  and  one-half  (3})  inches  in  width, 
four  (4)  inches  in  depth,  and  ^ght  and  one-half  (8))  inches  in  length.  The 
brick  shall  not  vary  from  these  dimensions  more  than  one-eighth  (i)  inch  in 
width  and  depth  and  not  more  than  one-half  (})  inch  in  length,  and  in  brick 
of  the  same  shipmoit  the  maximum  width  or  depth  shall  not  vary  from 
the  minimum  width  or  depth  more  than  one-eighth  (i)  inch.  All  brick  must 
be  thoroughly  annealed,  regular  in  size  and  shape,  and  evenly  burned.  When 
broken  they  shall  show  a  dense,  stonelike  body,  free  from  lime,  air  pockets, 
cracks,  and  pronounced  laminations.  No  surface  of  any  brick  shall  have  kiln 
marks  more  than  three-sixteenths  ( ^c )  inch  in  depth  or  cracks  more  than  three- 
eighths  (I)  inch  in  depth,  and  the  wearing  surface  of  the  brick  lAall  not  have 

1  The  valnes  given  for  hardness,  toughness,  and  per  cent  of  wear  are  intended  to  exclude 
unsatisfactory  stone,  but  in  communities  where  better  stone  is  readily  available  the  re- 
quirements should  be  made  more  rigid. 
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kllu  marks  more  than  one-sixteenth  (A)  Inch  In  depth  and  shall  be  free  from 
cracks.  The  brick  shall  have  not  less  than  four  (4)  and  not  more  than  six  (6) 
lugs,  all  on  one  side  of  the  brick,  such  tliat  when  the  brick  are  properly  laid  In 
place  in  the  pavement  the  joints  between  them  will  be  not  less  than  one-eighth 
( i )  nor  more  than  one-fourth  ( i )  Inch  in  width.  The  name  or  trade-mark  of  the 
manufacturer,  if  shown  on  the  brick,  must  be  recessed  and  not  raised.  If  the 
e<lges  of  the  brick  are  rounded,  the  radius  shall  not  exceed  one-eighth  (i)  Inch. 

The  brick  must  not  be  chipped  In  such  a  manner  that  the  wearing  surface 
is  not  Intact  or  that  the  lower  or  bearing  surface  Is  reduced  in  area  more 
than  ten  ( 10)  \}er  cent ;  but  chipped  brick,  if  otherwise  satisfactory,  may  be  used 
in  obtaining  the  half  brick  for  breaking  courses  and  the  necessary  pieces  of 
brick  for  closures.  The  brick  shall  not  be  salt  glazed  or  otherwise  artiflcUUy 
glazed.  Not  less  than  five  (5)  samples  of  ten  (10)  brick  each  will  be  selected 
from  each  kiln  or  shipment  and  subjected  to  the  rattler  test  recommended  to 
the  American  Society  for  Testing  Materials  by  Its  subcommittee  on  paving 
brick ;  one  sample  from  what  appears  to  be  the  softest  brick,  which  shall  not 
lose  of  its  weight  more  than  twenty-four  (24)  per  cent;  one  sample  from  what 
appears  to  be  the  hardest  brick,  which  shall  not  lose  of  Its  weight  less  than 
sixteen  (16)  per  cent  or  more  than  twenty-four  (24)  per  cent;  and  three 
samples  representing  an  average  of  the  kiln  or  shipment,  which  shall  not  lose 
of  their  weight  more  than  twenty-two  (22)  per  cent :  Provided,  hou>ever.  That  If 
the  softest  brick  lose  less  than  twenty-four  (24)  per  cent,  the  permissible  mini- 
mum loss  of  the  hardest  brick  will  be  reduced  a  like  amount  If  the  kiln  or  ship- 
ment of  brick  should  fall  to  meet  the  above  requirements — ^and  it  is  fair  to 
assume  that  it  would  meet  them  if  not  more  than  ten  (10)  percent  were  culled— 
then  the  contractor  may,  at  his  option,  regrade  the  brick.  When  the  regrading  Is 
complete  the  kiln  or  shipment  will  be  resampled  and  reteated  as  under 
the  original  conditions,  and  If  It  falls  to  meet  any  of  the  above  requlrem^ts 
It  will  be  finally  and  definitely  rejected.  Sampling  will  be  done  at  the  factory 
prior  to  shipment  or  from  cars  when  placed  on  siding  at  destination,  and  brick 
satisfactorily  passing  the  rattler  test  will  not  be  rejected  as  a  whole,  but  will 
be  subject  to  such  culling  as  may  be  necessary  to  meet  all  of  the  above 
requirements.  The  brick  shall  be  carefully  unloaded  from  cars  and  wagons 
by  hand  and  neatly  piled  along  the  work  In  such  manner  that  they  will  be 
clean  and  In  proper  condition  to  be  laid  In  the  pavement  when  desired. 

Bituminous  filler  for  expansion  cushion, — The  bituminous  filler  for  the  expan- 
sion cushion  between  the  brick  pavement  and  the  curb  shall  be  a  blown-oil 
asi)halt.  It  shall  be  soluble  In  chemically  pure  carbon  disulphlde  to  at  least 
ninety-nine  (09)  per  cent,  and  when  tested  by  the  cube  method,  as  described  in 
United  States  Oflice  of  Public  Roads  Bulletin  No.  38,  Its  melting  point  shall  not 
be  less  than  ninety  (90)  degrees  centigrade  and  not  more  than  one  hundred 
and  ten  (110)  degrees  centigrade.  The  penetration  at  zero  (0)  degrees  caitigrade 
of  a  No.  2  needle  acting  one  (1)  minute  under  a  weight  of  two  hundred  (200) 
grams  shall  be  not  less  than  two  (2)  millimeters.  The  penetration  at  forty-six 
(46)  degrees  centigrade  of  a  No.  2  needle  acting  five  (5)  seconds  under  a  weight 
of  fifty  (50)  grams  shall  not  exceed  ten  (10)  mllllmetera 

GONSTRUCTION. 

Concrete  base. — Upon  the  subgrade  prepared  as  herein  specified  shall  be  laid 
a  concrete  base  of  the  width  and  thickness  shown  on  the  plans.  The  subgrade 
shall  be  wet  but  not  muddy  when  the  concrete  is  placed  upon  it.  The  concrete 
shall  be  composed  of  the  following  materials,  by  volume:  One  (1)  part  of  cement, 
three  (3)  parts  of  sand,  and  five  (5)  parts  of  gravel,  crushed  stone,  or  crashed 
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slag,  and  sufficient  water  to  form  a  quaky  mass,  and  shall  be  thoroughly  mixed 
in  a  machine  mixer  of  the  batch  type  so  constructed  and  operated  that  the 
thorough  mixing  of  the  materials  will  be  assured.  The  concrete  shall  be  so 
dellTered  to  its  place  on  the  subgrade  as  not  to  cause  or  permit  any  separation 
of  the  mat^ials.  Wheelbarrows  or  other  devices  used  for  measuring  the 
materials  shall  be  of  uniform  capacity.  The  concrete  shall  be  deposited  in  place 
Immediately  after  it  is  mixed  and  diall  be  well  compacted  as  fast  as  it  is 
placed.  The  top  surface  shall  be  smoothed  by  troweling  with  shovels  or  by  some 
other  means  approved  by  the  aigineer,  and  when  completed  shall  not  vary 
more  than  one-half  (i)  inch  from  the  proper  shape  and  grade,  as  shown  on  the 
plans  and  pro'files.  The  concrete  base  shall  be  kept  wet  by  sprinkling  with 
water  during  the  first  four  (4)  days  after  it  is  laid.  No  hauling  over  it  or  roll- 
ing or  tamping  of  brick  upon  it  will  be  permitted  for  seven  (7)  days  after  It  is 
placed,  and  during  this  time  it  shall  be  properly  protected  from  injury.  Con- 
crete shall  not  be  mixed  wh«i  the  temperature  of  any  of  the  materials  is  less 
than  thirty-five  (36)  degrees  Fahr^iheit  Concrete  shall  not  be  used  after  it  has 
begun  to  show  evid^ice  of  setting,  and  no  concrete  which  has  once  set  shall 
be  used  as  material  for  mixing  a  new  batch. 

Curbs. — Concrete  curbs  shall  be  built  on  the  base  as  shown  on  the  plans.  The 
concrete  shall  be  composed  of  the  following  materials,  by  volume:  One  (1)  part 
of  c^nent,  one  and  one-half  (11)  parts  of  sand,  three  (3)  parts  of  gravel  or 
crushed  stone,  and  water.  The  materials  shaU  be  thoroughly  mixed  in  a  machine 
mixer  of  the  batch  type  or  by  hand.  If  the  mixing  is  done  by  hand,  it  shall  be 
done  upon  a  water-tight  platform  with  raised  edges,  in  the  following  manner : 
The  sand  and  cement  shall  be  thoroughly  mixed  dry  and  spread  out  upon  the 
mixing  platform,  and  upon  this  dry  mixture  shall  be  spread  the  coarse  aggregate. 
Water  shall  then  be  poured  over  the  aggregate  in  such  an  amount  that  the 
resultant  concrete  will  be  of  a  quaky  consistency.  The  whole  mass  shall  then 
be  turned  with  shovels  until  all  of  the  materials  are  thoroughly  mixed.  The 
concrete  for  the  curb  shall  be  placed  upon  the  base  before  the  concrete  of  either 
the  curb  or  the  base  has  taken  its  initial  set,  and  care  shall  be  taken,  such  as 
roughening  the  concrete  of  the  base  and  tamping  the  concrete  of  the  curb,  to 
insure  that  the  curb  will  be  firmly  bonded  to  the  base.  The  concrete  shall  be 
well  tamped  and  spaded  along  the  forms,  so  that  when  they  are  removed  there 
will  be  no  open  and  porous  places  on  the  sides  of  the  curb.  The  top  surface  of 
the  curb  shall  be  floated  or  troweled  to  a  smooth  finish.  The  forms  for  the  curb 
shall  be  smooth,  clean,  free  from  warp,  and  of  sufficient  strength  to  resist 
springing  out  of  shape.  They  shall  be  well  staked  and  braced,  and  the  top  edges 
shall  be  at  the  same  height  and  set  true  to  line.  To  protect  the  curb  from 
drying  out  too  rapidly  it  shall,  within  twelve  (12)  hours  after  it  is  placed,  be 
covered  with  gunny  cloth,  which  shall  be  kept  wet  for  five  (5)  days. 

Sand  cttshion. — ^Upon  the  base  shall  be  spread  a  cushion  of  sand  such  that  it 
will  have  a  uniform  d^th  of  two  (2)*  inches  when  compacted.  The  base  shall  be 
thoroughly  clean  at  the  time  the  sand  is  spread.  The  cushion  shall  be  care- 
fully shaped  to  a  true  cross  section  of  the  roadway  by  means  of  a  template 
having  a  steel-faced  edge,  and  so  fitted  as  to  be  readily  drawn  on  the  curb. 
After  the  cushion  is  so  shaped  it  shall  be  rolled  with  a  hand  roller  until  the 
sand  Is  well  compacted.  The  depressions  formed  by  rolling  shall  be  filled  and 
the  surface  of  the  cushion  trued  up  with  the  template  and  rolled  again.  This 
(^)eration  of  filling  depressions,  truing  up  with  template,  and  rolling  shall  be 
repeated  as  often  as  is  necessary  to  secure  a  well-compacted  cushion  true  to 

^A  sand  cushion  having  a  uniform  depth  of  li  inches  is  frequently  used  and  may  be 
as  satisfactory  as  the  2-incb  cushion. 
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grade  and  to  the  required  cross  section.  The  rolling  shall  be  done  with  a  hand 
roller  not  less  than  twenty-four  (24)  inches  in  diameter,  not  less  than  twenty- 
four  (24)  inches  In  width,  and  weighing  not  less  than  ten  (10)  pounds  per  inch 
in  width. 

Laying  hrick, — Upon  the  sand  cushion,  prepared  as  above  described,  the  brick 
shall  be  laid  on  edge  from  curb  to  curb  in  straight  courses  at  right  angles  to 
the  curb,  with  the  lug  sides  all  in  the  same  direction.  The  brick  shall  be  laid 
so  that  the  lugs  of  the  brick  in  one  course  will  touch  the  brick  in  the  adjoin- 
ing course,  and  the  Joints  between  the  ends  of  the  brick  shall  not  exceed 
one-eighth  (I)  inch  in  width.  Joints  shall  be  brok^i  by  starting  each  alternate 
course  with  a  half  brick.  Nothing  but  whole  brick  shall  be  used,  excepting  the 
half  brick  for  starting  alternate  courses  and  pieces  of  brick  for  closures,  and 
no  piece  of  brick  less  than  two  (2)  inches  in  length  shall  be  used  for  making  a 
closure.  The  cutting  and  trimming  of  brick  shall  be  done  by  experienced  men, 
and  proj)er  care  shall  be  taken  not  to  check  or  fracture  the  part  to  be  used,  and 
the  ends  of  the  part  used  shall  be  square  with  its  top  and  sides. 

The  brick  shall  be  carried  to  the  bricklayers  on  pallets  or  in  clamps  and  not 
wheeled  in  barrows.  The  bricklayers  laying  the  brick  shall  stand  on  the  brick 
already  laid  and  shall  not  in  any  manner  disturb  the  sand  cushion.  No  heavy 
driving  will  be  permitted  to  straighten  courses,  and  in  making  closures  the 
pieces  of  brick  shall  be  so  cut  that  they  may  be  laid  in  place  without  driving. 
Brick  shall  be  laid  with  the  best  edge  up.  Batting  for  closures  shall  progress 
with  the  laying. 

After  the  brick  are  laid  they  will  be  carefully  Inspected,  and  all  those  which 
are  soft,  cracked,  glazed,  spalledt  overbumed,  or  otherwise  imperfect  will  be 
marked  by  the  inspector.  The  contractor  shall  at  once  remove  such  brick  from 
the  pavement  with  flat-nosed  tongs,  without  disturbing  the  sand  cushion,  and 
shall  replace  them  with  approved  brick.  Kiln-marked  and  slightly  chipped 
brick,  if  not  otherwise  defective,  may  be  turned  over  and,  if  the  reverse  edge  Is 
smooth,  may  remain  In  the  pavement 

If  more  than  one  kind  of  brick  or  the  brick  from  more  than  one  plant  is  tax- 
nished  for  the  work,  each  particular  kind  or  make  shall  be  laid  In  a  separate 
section. 

Rolling  brick, — After  the  brick  have  been  laid  and  after  an  objectionable 
brick  have  been  removed  from  the  pavement  they  shall  be  brought  to  a  true  8u^ 
face  and  thoroughly  bedded  on  the  sand  cushion  by  means  of  rolling.  The  rolling 
shall  be  done  with  a  motor  or  steam  tandem  roller  weighing  not  less  than  three 
(3)  and  not  more  than  five  (5)  tons.  The  pavemmit  shall  be  rolled  in  longitudUuil 
and  diagonal  directions.  The  longitudinal  rolling  shall  begin  at  the  curbs  and 
progress  toward  the  center  of  the  pavement,  and  shall  be  continued  until  the 
brick  are  well  bedded  on  the  sand  cushion.  The  pavement  shall  then  be  thor- 
oughly rolled  diagonally  at  an  angle  of  forty-five  (45)  degrees  with  the  curb. 
When  this  rolling  has  been  completed  the  brick  will  again  be  inq)ected,  and  all 
that  are  broken  or  damaged  shall  be  removed  from  the  pavem^it  and  r^laced 
with  approved  brick.  The  brick  shall  then  be  again  rolled,  the  roller  moving 
diagonally  across  the  pavement  at  right  angles  to  the  first  diagonal  rolling.  To 
prevent  the  brick  from  being  left  careened  the  roller  shall  in  all  cases  cover 
exactly  the  same  area  in  making  Its  backward  trip  as  was  covered  in  its  for 
ward  trip,  and  shall  proceed  at  a  very  slow  rate  of  speed  until  the  tfitire  pave- 
ment has  received  the  first  rolling.  In  no  event  shall  the  rolling  be  done  when 
the  sand  cushion  is  in  a  condition  such  that  the  sand  will  flow  up  into  the 
Joints  more  than  three-eights  (I)  inch. 

Filling  the  /oin*«.— After  the  brick  have  been  rolled  as  above  specified  the 
Joints  between  them  shall  be  filled  with  a  grout  containing  equal  parts  of  cement 
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and  sand.  The  groat  shall  be  mixed  In  batches  containing  not  more  than  one 
sack  of  cement  in  a  box  abont  five  (5)  feet  long,  thirty  (30)  inches  wide,  and 
fonrte^i  (14)  inches  deep,  resting  on  legs  of  different  lengths,  so  that  the  mix- 
ture will  readily  flow  to  the  lowest  comer 'of  the  box.  The  sand  and  cement 
shall  be  thoroughly  mixed  dry.  Sufficient  clean  water  shall  then  be  admixed 
to  produce  a  grout  of  a  consistency  about  equal  to  that  of  ordinary  cream  for 
the  first  application  and  of  a  slightly  thicker  consistency  for  sul>sequent  ap- 
plications. From  the  time  the  water  is  added  to  the  mixture  until  all  of  the 
grout  is  removed  from  the  box,  the  mixture  must  be  constantly  well  stirred 
with  mortar  hoes.  The  grout  shall  be  removed  from  the  box  with  scoop  shovels 
and  applied  to  the  brick  in  front  of  men  supplied  with  push  brooms,  who  shall 
rapidly  sweep  it  lengthwise  of  the  brick  into  the  Joints  until  the  joints  are 
practically  filled.  After  the  first  application  has  been  made  and  the  grout 
has  settled  into  the  Joints,  and  before  initial  set  has  taken  place,  the  unfilled 
portion  of  the  Joints  shall  be  filled  with  the  thicker  grout,  and,  if  necessary, 
refilled  until  the  Joints  remain  full  to  the  top.  After  this  has  been  done  the 
pavement  shall  be  finished  to  a  smooth  surface,  free  from  any  surplus  grout, 
with  a  squeegee,  which  shall  be  worked  over  the  brick  at  an  angle  of  about 
forty-five  (45)  degrees  with  the  curb.  The  pavement  shall  have  be«i  thor- 
oughly sprinkled  before  the  first  application  of  grout  is  made,  and  shall  be  kept 
moist  by  means  of  gentle  sprinkling  until  the  grout  Is  spread.  The  top  surface, 
sides,  and  ends  of  the  brick  shall  be  thoroughly  clean  at  the  time  the  work  of 
filling  the  Joints  is  done. 

Inunediately  after  the  grout  has  taken  its  ioitial  set  the  pavement  shall  be 
covered  with  a  one  (1)  inch  layer  of  sand  or  earth.  This  layer,  immediately 
after  it  is  placed  on  the  pavement,  shall  l>e  thoroughly  wet  by  sprinkling  and 
shall  be  k^t  wet  by  sprinkling  for  at  least  the  five  (5)  following  days.  It  shall 
remain  on  the  pavem«it  for  at  least  ten  (10)  days  and  shall  be  removed  before 
traffic  is  permitted  upon  the  pavement  During  this  period  of  ten  (10)  days  or 
longer,  as  the  engineer  may  require  on  account  of  weather  conditions,  no  traffic 
shall  be  allowed  upon  and  no  materials  shall  be  placed  upon  the  pavement 

Expansion  cushion,^— An  expansion  cushion  four  (4)  inches  in  depth  and  of 
the  thickness  indicated  on  the  plans  shall  be  constructed  along  each  curb  as 
follows :  Suitable  provision  for  the  cushion  shall  be  made  at  the  time  the  brick 
are  laid  by  setting  boards  of  the  proper  width  and  thickness  on  edge  in  proper 
position  along  the  curb.  After  the  brick  have  been  laid,  rolled,  and  grouted, 
and  the  grout  has  well  set,  the  boards  shall  be  carefully  removed,  so  as  not  to 
damage  the  curb  or  the  brick  pavement,  and  the  ^aces  which  they  occupied 
shall  be  filled  with  blown-oil  asphalt  heated  to  a  temperature  of  not  less  than 
three  hundred  (300)  degrees  Fahrenheit  and  not  more  than  four  hundred  (4(X)) 
degrees  Fahrenheit. 

ALTERNATE  SPECIFICATIONS. 

SEPARATE  CONCRETE  CURBS. 

Where  the  plans  call  for  concrete  curbs  separate  from  the  foundation  they 
shall  be  constructed  before  the  subgrade  is  finally  completed  and  shall  have 
the  cross  section  shown  on  the  plans.  Such  curbs  shall  be  constructed  in  sec- 
tions not  less  than  six  (6)  feet  and  not  more  than  twelve  (12)  feet  in  length 
and  shall  l>e  true  to  grade  and  alignment 

^  Instead  of  making  a  poured  Joint,  as  above  described,  the  cushion  may  be  constructed 
of  acme  of  the  specially  prepared  expansion-Joint  materials,  subject  to  the  approval  of 
the  engineor  as  to  the  siaterlal  and  method  of  constraction. 
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The  specification  already  given  for  concrete  curbs  constructed  in  combination 
with  the  foundation  shall  also  apply  to  curbs  constructed  separate  from  the 
foundation  as  regards  proportioning,  mixing,  and  placing  the  concrete,  con- 
structing the  forms,  and  all  other  features  of  construction  which  are  not 
covered  on  the  plans  or  in  this  specification. 

STONE  CURBS. 

Where  stone  curbs  are  required,  they  shall  be  hauled  and  set  before  the 
subgrade  is  finally  completed.  The  curbs  shall  be  set  true  to  line  and  grade 
and  shall  be  securely  bedded  In  broken  stone,  gravel,  or  firm  eartlL  In  pre- 
paring the  trenches  for  the  curbs  great  care  shall  be  exercised  to  see  that  the 
material  upon  which  the  curb  is  to  be  set  is  well  compacted,  firm,  and  hard. 

Stone  curbing  shall  be  quarried  from  hard,  tough,  homogeneous  stone.  The 
Individual  blocks  shall  have  the  cross  section  shown  on  the  plans  and  shall 
be  not  less  than  four  (4)  feet  In  length.  Each  block  shall  be  free  from  seams  and 
all  other  Imperfections  and  shall  be  neatly  dressed  and  finished  on  all  exposed 
faces. 

CBUSHED-STONE  BASE. 

Where  a  crusbed-stoue  base  is  called  for  on  the  plans  it  shall  be  constructed 
after  the  curbs  are  set  and  in  two  (2)  courses  of  such  thickness  tliat  the  finished 
base  will  have  the  required  depth  shown  on  the  plana 

The  first  course  of  stone  shall  consist  of  a  single  layer  of  No.  1  stone  spread 
uniformly  to  a  depth  of  not  more  than  eight  (8)  inches  before  compacting.  The 
stone  shall  be  spread  by  hand  from  dumping  boards  or  from  dump  wagons  of  a 
type  that  will  distribute  each  load  of  stone  evenly  over  that  part  of  the  sub- 
grade  to  be  covered  by  the  load. 

After  the  crushed  stone  of  the  first  course  has  been  spread  to  the  required 
depth,  it  shall  be  rolled  until  It  is  thoroughly  compacted  and  firm  with  a  power 
roller  of  the  macadam  type,  weighing  not  less  than  tai  (10)  tons  and  not  more 
than  fifteen  (15)  tons.  The  rolling  shall  begin  at  the  curbs  and  progress  gradu- 
ally toward  the  crown.  All  irregularities  and  depressions  that  may  develop 
shall  be  Immediately  corrected  with  No.  1  stone,  and  the  rolling  shall  continue 
until  the  stone  Is  well  compacted  and  the  surface  is  uniform  in  grade  and 
cross  section. 

The  second  course  of  stone  sliall  consist  of  a  single  layer  of  No.  2  stone 
spread  uniformly  to  a  depth  not  exceeding  four  (4)  inches.  The  stone  shall  be 
spread  and  rolled  in  the  manner  prescribed  for  the  first  course.  When  completed 
the  surface  of  the  second  course  of  crushed  stone  shall  be  smootli,  firm,  w^ 
compacted,  and  continuous,  and  shall  have  the  cross  section  and  grade  indicated 
by  the  drawings. 

After  the  second  course  of  stone  has  been  spread,  rolled,  and  completed  as 
above  specified,  screenings  shall  be  spread  uniformly  over  the  surface  to  a  depth 
of  approximately  one-half  (1)  inch.  The  spreading  shall  be  done  with  shovels 
from  piles  along  the  road,  from  dumping  boards,  or  from  carts.  In  no  case  shall 
an  entire  load  of  screenings  be  dumped  directly  upon  the  seccmd  course. 

After  the  screenings  are  spread  they  shall  be  dry  rolled  until  the  voids  of  the 
second  course  are  filled.  The  foundation  shall  then  be  sprinkled  with  water 
from  properly  constructed  sprinkling  wagons  and  rolled  with  a  power  roller  of 
the  type  and  weight  specified  for  the  first  course.  The  amount  of  water  used 
shall  be  sufficient  to  wet  the  stone  thoroughly,  but  shall  be  put  on  in  such  quan- 
tity and  manner  as  not  to  wet  and  soften  the  subgrade.  Screenings  shall  be 
added  and  the  sprinkling  and  rolling  contintied  until  the  surface  ceases  to  show 
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the  marks  of  the  roller  and  a  grout  of  water  and  rock  dust  flushes  ahead  of  the 
roller. 

After  the  base  is  completed,  as  above  specified,  no  materials  or  traffic  sliall  be 
placed  or  allowed  upon  it  for  at  least  twenty-four  (24)  hours. 

Crushed  stone  for  the  base  shall  be  newly  broken,  of  uniform  quality  through- 
out, and  free  from  tailings,  slaty  and  flat  fragments,  soft  or  disintegrated  stone, 
dirt,  or  other  objectionable  matter. 

The  following  designations  and  sizes  shall  obtain : 

Screenings. — ^All  that  portion  of  the  product  of  the  crusher  which  will  pass 
through  a  screen  having  one  (1)  inch  circular  openings,  including  the  dust  of 
fracture. 

No,  2  atone. — ^AU  that  portion  of  the  product  of  the  crusher  which  will  be  re- 
tained on  a  screen  having  one  (1)  inch  circular  openings  and  will  pass  through 
a  screen  having  circular  openings  not  less  than  two  (2)  inches  nor  greater  than 
two  and  one-fourth  (2i)  inches  in  diameter. 

No.  1  atone. — ^All  that  portion  of  the  product  of  the  crusher  which  will  be  re- 
tained on  a  screen  having  circular  openings  not  less  than  two  (2)  inches  nor 
greater  than  two  and  one-fourth  (21)  inches  in  diameter,  and  will  pass  through 
a  screen  having  circular  openings  not  less  than  three  (3)  inches  nor  greater 
than  three  and  one-half  (31)  inches  in  diameter. 

A  sample  of  the  stone  when  subjected  to  the  hardness,  toughness,  and  abra- 
sion tests,  as  described  in  United  States  Office  of  Public  Roads  Bulletin  No.  44, 
shall  satisfactorily  meet  the  following  requirements:  Hardness  not  less  than 
^  toughness  not  less  than ,*  and  per  cent  of  wear  not  more  than .* 


APPENDIX  B. 
Method  for  Inspecting  and  Testing  Paving  Brick.* 

The  quality  and  acceptability  of  paving  brick,  in  the  absence  of  other  special 
tests  mutually  agreed  upon  in  advance  by  the  seller  on  the  one  side  and  the 
buyer  on  the  other  side,  shall  be  determined  by  the  following  procedure,  viz : 

(1)  The  rattler  teat,  for  the  purpose  of  determining  whether  the  material  as 
a  whole  possesses  to  a  sufficient  degree,  strength,  toughness,  and  hardness; 

(2)  Visual  inapection,  for  the  purpose  of  determining  whether  the  physical 
properties  of  the  material  as  to  dimensions,  accuracy  and  uniformity  of  shape 
and  color  are  in  general  satisfactory,  and  for  the  purpose  of  culling  out  from 
the  shipment  individually  imperfect  or  unsatisfactory  brick. 

The  acceptance  of  paving  brick  as  satisfactorily  meeting  one  of  these  tests 
shall  not  be  construed  as  in  any  way  waiving  the  other. 

8BCTION  I.^THB  RATTLER  TEST. 

THE  SELECTION  OF  SAMPLES  FOB  TEST. 

Item  1.  Place  of  aampHng.—-lu  general  where  a  shipment  of  brick  involving  a 
quantity  of  less  than  100,000  is  under  consideration,  the  sampling  may  be  done 
either  at  the  brick  factory  prior  to  shipment,  or  on  cars  at  their  destination,  or 


^ValoeB  for  hardness,  toughDess,  and  per  cent  of  wear  should  be  fixed  with  a  view  to 
securing  the  very  best  stone  locally  available,  and  not  merely  to  exclude  stone  of  a  known 
unsatisfactory  nature.  .        .      «    ^ 

•  Recommended  by  subcommittee  on  paving  brick  of  the  American  Society  for  Testing 
Materials. 
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on  the  street  when  delivered  ready  for  use.  When  the  quantity  under  consider- 
ation exceeds  100,000,  the  sampling  shall  be  done  at  the  factory  prior  to  ship- 
ment Brick  accepted  as  the  result  of  tests  prior  to  shipment  shall  not  be 
liable  to  subsequent  rejection  as  a  whole,  but  are  subject  to  such  culling  as  is 
provided  for  under  Section  II  (Visual  inspection). 

Item  2.  Method  of  selecting  samples. — In  general  the  buyer  shall  select  his 
own  samples  from  the  material  which  the  seller  proposes  to  furnish.  The  seller 
shall  have  the  right  to  be  present  during  the  selection  of  a  sample.  The  sampler 
shall  endeavor,  to  the  best  of  his  Judgment,  to  select  brick  representing  the  aver- 
age of  the  lot.  No  samples  shall  include  brick  wUch  would  be  rejected  by 
visual  inspection  as  provided  in  Section  II,  except  that  where  controversy  arises, 
whole  tests  may  be  selected  to  determine  the  admissibility  of  certain  types  or 
portions  of  the  lot  having  a  characteristic  appearance  in  common.  In  cases 
where  prolonged  controversy  occurs  between  buyer  and  seller,  and  samples 
selected  by  each  party  fail  to  show  reasonable  concurrence,  then  both  pariies 
shall  unite  in  the  selection  of  a  disinterested  person  to  select  the  samples,  and 
both  parties  shall  be  bound  by  the  results  of  samples  thus  selected. 

iTEif  3.  Number  of  samples  per  lot. — In  general  one  sample  of  10  brick  abaU 
be  tested  for  every  10,000  brick  contained  in  the  lot  under  consideration,  bat 
where  the  total  quantity  exceeds  100,000,  the  number  of  samples  tested  may  be 
fewer  than  1  per  10,000,  provided  that  they  shall  be  distributed  as  unifbnnly 
as  practicable  over  the  entire  lot 

Item  4.  Shipment  of  sam^es. — Samples  which  must  be  transported  long  dis- 
tances by  freight  or  express  must  be  carefully  put  up  in  packages  holding  not 
more  than  12  brick  each.  When  more  than  six  brick  are  shipped  in  one 
package,  it  must  be  so  arranged  as  to  carry  two  parallel  rows  of  brick  side  by 
side,  and  these  rows  must  be  separated  by  a  partition.  In  event  of  some  of 
the  brick  being  cracked  or  broken  in  transit,  the  sample  sliall  be  disqualified 
if  there  are  not  remaining  10  sound  undamaged  briclL 

Item  5.  Storage  and  care  of  samples. — Samples  must  be  carefully  handled  to 
avoid  breakage  or  injury.  They  must  be  kept  dry  so  far  as  practicable-  If 
wet  when  received,  or  known  to  have  been  immersed  or  subjected  to  recent  pro- 
longed wetting,  they  shall  be  dried  for  at  least  six  hours  in  a  temperature  of 
100°  F.  before  testing. 

the  construction  of  the  rattles. 

Item  6.  The  machine  shall  be  of  good  mechanical  construction,  self-contained, 
and  shall  conform  to  the  following  details  of  materials  and  dimensions,  and 
shall  consist  of  barrel,  frame,  and  driving  mechanism  as  herein  described. 
Accompanying  these  specifications  is  a  complete  drawing  (PI.  X)  ot  &  rattle 
which  will  meet  the  requirements  ,and  to  which  reference  should  be  made. 

Item  7.  The  barrel, — ^The  barrel  of  the  machine  shall  be  made  up  of  the  heads 
and  head  liners  and  staves  and  stave  liners. 

The  heads  may  be  cast  in  one  piece  with  the  trunnions,  which  shall  be  2} 
inches  in  diameter  and  shall  have  a  bearing  6  inches  in  length,  or  they  may  be 
cast  with  heavy  hubs,  which  shall  be  bored  out  for  2A-inch  shafts,  and  shall 
be  key  sea  ted  for  two  keys,  each  i  inch  by  f  inch  and  spaced  90*  apart  The 
shaft  shall  be  a  snug  fit  and  when  keyed  shall  be  entir^y  free  from  lost  motion. 
The  distance  from  the  end  of  the  shaft  or  trunnion  to  the  inside  face  of  the 
head  shall  be  15|  inches  in  the  head  for  the  driving  ead  of  the  rattler  and 
111  inches  long  for  the  other  head,  and  the  distance  from  the  face  of  the  hubs 
to  the  Inside  face  of  the  heads  shall  be  5i. inches. 
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The  heads  shall  be  not  less  than  |  inch  nor  more  than  t  inch  thick.  In  out- 
llBe  each  head  shall  be  a  regular  14-8ided  polygon  inscribed  in  a  circle  28} 
inches  in  diameter.  Bach  head  shall  be  provided  with  flanges  not  less  than 
f  inch  thick  and  extending  outward  2}  inches  from  the  inside  face  of  the  head 
to  afford  a  means  of  fastening  the  staves.  The  surface  of  the  flanges  of  the 
head  must  be  smooth  and  must  give  a  true  and  uniform  bearing  for  the  staves. 
To  secure  the  desired  true  and  uniform  bearing  the  surfaces  of  the  flanges  of 
the  head  must  be  either  ground  or  madiined.  The  flanges  shall  be  slotted  on 
the  outer  edge  so  as  to  provide  for  two  f-inch  bolts  at  each  end  of  each  stave, 
said  slots  to  be  if  inch  wide  and  2}  inches  c&ater  to  center.  Each  slot  shall 
be  provided  with  a  recess  for  the  bolt  head,  which  shall  act  to  prevent  the  turn- 
ing of  the  same.  Between  each  two  slots  there  shall  be  a  brace  f  inch  thick 
extending  down  the  outward  side  of  the  head  not  less  than  2  inches. 

There  shall  be  for  each  head  a  cast-iron  head  liner  1  inch  in  thickness  and 
conforming  to  the  outline  of  the  head,  but  inscribed  in  a  circle  28^  inches  in 
diameter.  This  head  liner  shall  be  fastened  to  the  head  by  seven  f-inch  cap 
screws  through  the  head  from  the  outside.  Whenever  these  head  liners  become 
worn  down  i  inch  below  their  initial  surface  level  at  any  point  of  their  surface 
they  must  be  replaced  with  new  ones.  The  metal  of  these  head  liners  shall  be 
hard  machinery  iron  and  should  contain'  not  less  than  1  per  cent  of  combined 
carbon. 

The  staves  shall  be  made  of  6-inch  medium  steel  structural  chann^s  27^ 
inches  long  and  weighing  15.5  pounds  per  linear  foot  The  staves  shall  have 
two  holes  it  inch  in  diameter,  drilled  in  each  end,  the  colter  line  of  the  holes 
being  1  inch  from  the  end  and  If  inches  either  way  from  the  longitudinal  center 
line.  The  spaces  between  the  staves  shall  be  as  uniform  as  practicable,  but 
must  not  exceed  ^  inch. 

The  interior  or  flat  side  of  each  stave  shall  be  protected  by  a  liner  f  inch 
tliick  by  5}  inches  wide  by  19}  inches  long.  The  liner  shall  consist  of  medium 
eiteel  i^te  and  shall  be  riveted  to  the  channel  by  three  i-inch  rivets,  one  of 
which  shall  be  on  the  colter  line  both  ways  and  the  other  two  on  the  longitu- 
dinal center  line  and  spaced  7  inches  from  the  center  each  way.  The  rivet 
holes  shall  be  countersunk  on  the  face  of  the  liner  and  the  rivets  shall  be 
driven  hot  and  chipped  off  flush  with  the  surface  of  the  liners.  These  liners 
shall  be  inspected  from  time  to  time,  and  if  found  loose  shall  be  at  once  re- 
riveted. 

Any  test  at  the  expiration  of  which  a  stave  liner  is  found  detached  from  the 
stave  or  seriously  out  of  position  shall  be  rejected.  When  a  new  rattler  in  which 
a  complete  set  of  new  staves  is  furnished  is  flrst  put  into  operation,  it  shall  be 
cliarged  with  400  pounds  of  shot  of  the  same  sizes,  and  in  the  same  proportions 
as  provided  in  Item  9,  and  diall  then  be  run  for  18,000  revolutions  at  the  usual 
prescribed  rate  of  speed.  The  shot  shall  thai  be  removed  and  a  standard  shot 
charge  inserted,  after  which  the  rattler  may  be  charged  with  brick  for  a  test 

"So  stave  shall  be  used  for  more  than  70  consecutive  tests  without  renewing 
its  lining.  Two  of  the  14  staves  shall  be  removed  and  relined  at  a  time,  in  such 
a  w^ay  that  of  each  pair  one  falls  upon  one  side  of  the  barrel  and  the  other  upon 
the  opposite  side,  and  also  so  that  the  staves  changed  shall  be  consecutive,  but 
not  contiguous ;  for  example,  1  and  8,  3  and  10,  5  and  12,  7  and  14,  2  and  9,  4  and 
n,  6  and  13,  etc.,  to  the  end  that  the  interior  of  the  barrel  at  all  times  shall 
present  the  same  relative  condition  of  repair.  The  changes  in  the  staves  should 
be  made  at  the  time  Allien  the  shot  charges  are  being  corrected,  and  the  record 
nmst  show  the  number  of  charges  run  since  the  last  pair  of  newly  lined  staves 
w^as  placed  in  position. 
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The  Btaves  when  bolted  to  the  heads  shall  form  a  barrel  20  Inches  long,  inside 
measurement,  between  head  liners.  The  Hners  of  the  staves  nnst  be  so  placed 
as  to  drop  between  the  head  liners.  The  staves  shall  be  bolted  tightly  to  the 
heads  by  four  }-inch  bolts,  and  each  bolt  shall  be  provided  with  a  lock  nut,  and 
shall  be  inspected  at  not  less  frequent  Intervals  than  every  fifth  test,  and  all 
unts  shall  be  kept  ti^ht.  A  record  shall  be  made  after  each  inspection  showing 
in  what  condition  the  bolts  were  fonnd. 

Item  8.  The  frame  and  driring  mechanism, — The  barrel  shall  be  mounted  on  a 
cast-iron  frame  of  sufficient  strength  and  rigidity  to  support  it  without  undue 
vibration.  It  shall  rest  on  a  rigid  foundation  with  or  without  the  interposition 
of  wooden  plates  and  shall  be  fastened  thereto  by  bolts  at  not  less  than  four 
lK)lnts. 

It  shall  be  driven  by  gearing  whose  ratio  of  driver  to  driven  is  not  lees  than 
one  to  four.  The  countershaft  upon  which  the  driving  pinion  is  mounted  riiall 
not  be  less  than  lil  inches  in  diameter,  with  bearings  not  less  than  6  inches  in 
length.  If  a  belt  drive  is  used,  the  pulley  shall  not  be  less  than  18  indies  hi 
diameter  and  .6^  inches  in  face.  A  belt  at  least  6  initios  in  width,  properly 
adjusted  to  avoid  unnecessary  dipping,  sbould  be  used. 

Item  9.  The  abrasive  charge. — The  abrasive  charge  shall  consist  of  cast-iron 
spheres  of  two  sizes.  When  new,  the  lArger  spheres  shall  be  3.76  inches  in  diam- 
eter and  shall  weigh  approximately  7.6  pounds  (3.40  kilos)  each.  Ten  spbexea 
of  this  size  shall  be  used. 

These  shall  be  weighed  separately  after  each  10  tests,  and  if  the  w^^t  of 
any  large  sphere  falls  to  7  pounds  (3.176  kilos),  it  shall  be  discarded  and  a  new 
one  substituted,  provided,  however,  that  all  of  the  large  spheres  shall  not  be 
discarded  and  substituted  by  new  ones  at  any  single  time,  and  that  so  far  as  pos- 
sible the  large  spheres  shall  compose  a  graduated  series  in  various  stages  of 
wear. 

When  new,  the  smaller  sized  spheres  shall  be  1.875  inches  in  diameter  and 
shall  weigh  approximately  0.95  pound  (0.43  kilo)  each.  In  general  the  number 
of  small  spheres  in  a  charge  shall  not  fall  below  246  nor  exceed  200.  The  col- 
lective weight  of  the  large  and  small  ^heres  shall  be  as  nearly  as  possftle  300 
pounds.  No  small  sphere  shall  be  retained  in  use  after  it  has  been  worn  down 
so  that  it  will  pass  a  circular  hole  1.76  inches  in  diameter,  drilled  in  an  iroa 
plate  i  inch  in  thickness,  or  weigh  less  than  0.76  pound  (0.34  kilo).  Further, 
the  small  spheres  shall  be  tested  by  passing  them  over  the  above  plate,  or  shall 
be  weighed  after  every  10  tests,  and  any  which  pass  through  the  plate  or  fall 
below  the  specified  weight  shall  be  replaced  by  new  spheres;  and  provided 
further,  that  all  of  the  small  spheres  ^all  not  be  rejected  and  replaced  by  new 
ones  at  any  one  time,  and  that  so  tar  as  possible  the  small  spheres  shall  compose 
a  graduated  series  in  various  stages  of  wear.  At  any  time  that  any  sphere  is 
found  to  be  broken  or  defective  it  shall  at  once  be  replaced. 

The  iron  composing  these  spheres  shall  have  a  chemical  composition  within  tiie 
following  limits: 

Combined  carbon,  not  less  than  2.50  per  cent 

Graphitic  carbon,  not  more  than  0.25  per  cent 

Silicon,  not  more  than  1  per  cent 

Manganese,  not  more  than  0.50  per  cent 

Phosphorus,  not  more  than  0.25  per  cent. 

Sulphur,  not  more  than  0.08  per  cent 

For  each  new  batch  of  spheres  used  the  ch^nlcal  analysis  must  be  furnished 
by  the  maker  or  be  obtained  by  the  user  before  introducing  into  the  charge,  and 
unless  the  analysis  meets  the  above  specifications  the  batdi  of  spheres  shall  be 
rejected. 
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THE  OPEBATION   OF   TH)5  TEST. 

Item  10.  The  brick  charge. — ^The  number  of  brick  per  test  shall  be  10  for  all 
bricks  of  so-called  "block  size,"  whose  dimensions  fall  between  from  8  to  9 
inches  in  length,  3  to  3i  inches  in  breadth,  and  3}  inches  to  4\  inches  in  thick- 
ness.^ No  brick  should  be  selected  as  part  of  a  regular  test  that  would  be 
rejected  by  any  other  requirements  of  the  specifications  under  wliich  the  pur- 
chase is  made. 

Item  11.  Speed  and  duration  of  revolution. — The  rattler  shall  be  rotated  at  a 
ttniform  rate  of  not  less  than  291  nor  more  than  80^  revolutions  per  minute, 
and  1,800  revolutions  shall  constitute  the  test.  A  counting  machine  shall  be 
attached  to  the  rattler  for  counting  the  revolutions.  A  margin  of  not  to  exceed 
10  revolutions  will  be  allowed  for  stopping.  Only  one  start  and  stop  'per  test 
is  generally  acceptable.  If  from  accidental  causes  the  rattler  is  stopped  and 
started  more  than  once  during  a  test  and  the  loss  exceeds  the  maximum  per- 
missible under  the  specifications,  the  test  shall  be  disqualified  and  another 
made. 

Item  12.  T/ie  scales. — ^The  scales  must  have  a  capacity  of  not  less  than  300 
pounds  and  must  be  sensitive  to  one-half  of  an  ounce  and  must  be  tested  by  a 
standard  test  weight  at  intervals  of  not  less  than  every  10  tests. 

Item  13.  The  results. — ^l^ie  loss  shall  be  calculated  in  percentage  of  the 
initial  weight  of  the  brick  composing  the  charge.  In  weighing  the  rattled  brick 
any  piece  weigliing  less  than  1  pound  shall  be  rejected. 

Item  14.  The  records. — ^A  complete  and  continuous  record  shall  be  kept  of 
tbe  operation  of  all  rattlers  working  under  these  specificationa  This  record 
shall  contain  the  following  data  concerning  each  test  made : 

1.  The  name  of  the  person,  firm,  or  corporation  furnishing  each  sample  tested. 

2.  The  name  of  the  maker  of  the  brick  represented  in  each  sample  tested. 
8.  The  name  of  the  street  or  contract  which  the  sample  represented. 

4.  The  brands  or  marks  upon  the  bricks  by  which  they  were  identified. 

5.  Tlie  number  of  bricks  furnished. 

6.  The  date  on  which  they  were  received  for  test. 

7.  The  date  on  which  they  were  tested. 

8.  The  dnring  treatment  given  before  testing,  if  any. 

9.  The  length,  breadth,  and  thickness  of  the  bricks. 

10.  The  collective  weight  of  the  10  large  spherical  shot  used  in  making  the 
test  at  the  time  of  their  last  standardization. 

11.  The  number  and  collective  weight  of  the  small  spherical  shot  used  in 
making  the  test  at  the  time  of  th^r  last  standardization. 

12.  The  total  weight  of  the  shot  charge  after  its  last  standardization. 

13.  Certificate  of  the  operator  that  he  examined  the  condition  of  the  machine 
as  to  staves,  liners,  and  any  other  parts  affecting  the  barrel  and  found  them 
right  at  the  beginning  of  the  test. 

14.  Certificate  of  the  operator  of  the  numt>er  of  charges  tested  since  the  last 
standardization  of  shot  charge. 

15.  The  time  of  the  beginning  and  ending  of  each  test  and  the  number  of 
revolutions  made  by  the  barrel  during  the  test  as  shown  by  the  Indicator. 

16.  Certificate  of  the  operator  as  to  number  of  stops  and  starts  made  in  each 
test. 

'  Where  brick  of  larger  or  smaller  sizes  than  the  dimensions  given  above  for  blocks  are 
to  be  tested,  the  same  number  of  bricks  per  charge  should  be  used,  but  allowance  for  the 
difference  in  sixe  should  be  made  in  setting  the  limits  for  average  and  maximum  rattler 
loss. 
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17.  The  initial  collective  weight  of  the  10  brick  composing  the  charge  and 
their  collective  weight  after  rattling. 

18.  The  loss  calculated  in  per  cents  of  the  initial  weight ;  and  the  calculation 
Itself. 

19.  The  number  of  broken  brick  and  remarks  upon  the  portions  which  were 
included  in  the  final  weighing. 

20.  General  remarks  upon  the  test  and  any  irregularities  occurring  in  its 
execution. 

21.  The  date  upon  which  the  test  was  made. 

22.  The  location  of  the  rattler  and  name  of  the  owner. 

23.  The  certificate  of  the  operator  that  the  test  was  made  under  the  specifica- 
tions of  the  American  Society  for  Testing  Materials  and  that  the  record  is  a 
true  record. 

24.  The  signature  of  the  operator  or  person  responsible  for  the  test 

25.  The  serial  number  of  the  test 

In  event  of  more  than  one  copy  of  the  record  of  any  test  being  required,  they 
may  be  furnished  on  separate  sheets  and  marked  duplicates,  but  the  original 
record  shall  always  be  presented  intact  and  complete. 

ACCEPTANCE    AND    REJECTION    OF    MATERIAL. 

Item  15.  Basis  of  acceptance  or  rejection, — Paving  brick  shall  not  be  judged 
for  acceptance  or  rejection  by  the  results  of  individual  tests,  but  by  the  average 
of  not  less  than  five  testa  Where  a  lot  of  brick  falls  to  meet  the  required 
average  it  shall  be  optional  with  the  buyer  whether  the  brick  shall  be  definitely 
rejected  or  whether  they  may  be  regraded  and  a  portion  sheeted  for  farther 
test  as  provided  in  Item  16. 

Item  16.  Range  of  fluetuation. — Some  fluctuation  in  the  results  of  the  rattler 
test,  both  on  account  of  variation  in  the  brick  and  in  the  machine  used  in 
testing,  are  unavoidable,  and  a  reasonable  allowance  for  such  fluctuations 
should  be  made  wherever  the  standard  may  be  fixed. 

In  any  lot  of  paving  brick,  if  the  loss  on  a  test  computed  upon  its  initial 
weight  exceeds  the  standard  loss  by  more  than  2  per  cent  then  the  portion 
of  the  lot  represented  by  that  test  shall  at  <mce  be  resampled  and  three  more 
tests  executed  upon  it,  and  if  any  of  these  three  tests  shall  again  exceed  bj 
more  than  2  per  cent  the  required  standard,  then  that  portion  of  the  lot  stiall 
be  rejected. 

If  In  any  lot  of  brick  two  or  more  tests  exceed  the  permissible  maximum, 
then  the  buyer  may,  at  his  option,  reject  the  entire  lot  even  though  the  average 
of  all  the  tests  executed  may  be  within  the  required  llmit& 

Item  17.  Fixing  of  standards, — The  percentage  of  loss  which  may  be  taken 
as  the  standard  will  not  be  fixed  in  these  regulations,  and  shall  remain  within 
the  province  of  the  contracting  parties.  For  the  information  of  the  public  the 
following  scale  of  average  losses  is  given,  representing  what  may  be  expected 
of  tests  executed  under  the  foregoing  specifications: 


General 

avenge 

loss. 


permissible 
loss. 


For  brick  suitable  for  heavy  trafBc. . . 
For  brick  suitable  for  meduim  traffic. 
For  brick  suitable  for  light  txafflo 


Percent. 
22 
24 
26 


Percent, 
21 

as 
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Wblch  ef  these  grades  should  be  specified  In  any  gly^i  district  and  for  any 
given  purpose  is  a  matter  wholly  within  the  province  of  the  buyer,  and  should 
be  governed  by  the  kind  and  amount  of  traffic  to  be  carried,  and  the  quality 
at  paving  brick  available. 

Item  18.  Culling  and  retesHnff. — ^Where,  under  items  15  and  16  a  lot  or  portion 
of  a  lot  of  brick  is  rejected,  either  by  reason  of  failure  to  show  a  low  enough 
average  test  or  because  of  tests  above  the  permissible  maximum,  the  buyer  may 
at  his  option  permit  the  seller  to  regrade  the  rejected  brick,  separating  out  that 
portion  which  he  considers  at  fault  and  retaining  that  which  be  considers  good. 
Whoi  the  regrading  is  complete  the  good  portion  shall  be  then  resampled  and 
retested,  under  the  original  conditions,  and  if  it  fails  again  either  in  average  or 
in  permissible  maximum,  then  the  buyer  may  definitely  and  finally  reject  the 
entire  lot  or  portion  under  test. 

Item  19.  Payment  of  coat  of  testing, — ^Unless  otherwise  specified,  the  cost  of 
tilting  the  material  as  delivered  or  prepared  for  delivery,  up  to  the  prescribed 
number  of  tests  for  valid  acceptance  or  rejection  of  the  lot,  sliall  be  paid  by  the 
buyer.  (See  also  item  23.)  The  cost  of  testing  extra  samples  made  necessary 
by  the  failure  of  the  whole  lot  or  any  portion  of  it  shall  be  paid  by  the  seller, 
whether  the  material  is  finally  accepted  or  rejected. 

SECTION  Hw^VISUAL  INSPECTION. 

It  shall  be  the  right  of  the  buyer  to  inspect  the  brick,  subseguent  to  their  de- 
livery at  the  place  of  use,  and  prior  to  or  during  laying,  to  cull  out  and  reject 
upon  the  following  grounds : 

Item  20.  All  brick  which  are  broken  in  two  or  chipped  in  such  a  manner  that 
neither  wearing  surface  remains  substantially  intact,  or  that  the  lower  or  bear- 
ing surface  is  reduced  in  area  by  more  than  one-fifth.  Where  brick  are  rejected 
upon  this  ground,  it  shall  be  the  duty  of  the  purchaser  to  use  them  so  far  as 
practicable  in  obtaining  the  necessary  half  brick  for  breaking  courses  and  mak- 
ing: closures,  instead  of  breaking  otherwise  whole  and  sound  brick  for  this 
purpose. 

Item  21.  All  brick  which  are  cracked  in  such  a  degree  as  to  produce  defects 
such  as  defined  in  item  20,  either  from  shocks  received  in  shipment  and  handling 
or  from  defective  conditions  of  manufacture,  e^)eclally  in  drying,  burning,  or 
cooling,  unless  such  cracks  are  plainly  superficial  and  not  such  as  to  per- 
c^tibly  weaken  the  resistance  of  the  brick  to  its  conditions  of  use. 

Item  22.  All  brick  which  are  so  otfsize,  or  so  misshapen,  bent,  twisted,  or 
kiln  marked  that  they  will  not  form  a  proper  surface  as  defined  by  the  paving 
specifications,  or  align  with  other  brick  without  making  Joints  other  than  those 
permitted  in  the  paving  specifications. 

Item  23.  All  brick  which  are  obviously  too  soft  and  too  poorly  vitrified  to 
endure  street  wear.  When  any  disagreem^it  arises  between  buyer  and  seller 
under  this  item,  it  shall  be  the  right  of  the  buyer  to  make  two  or  more  rattler 
tests  of  the  brick  which  he  wishes  to  exclude,  as  provided  in  item  2,  and  if  in 
either  or  both  tests  the  brick  fall  beyond  the  maximum  rattler  losses  per- 
mitted under  the  specifications,  then  all  brick  having  the  same  objectionable 
appearance  may  be  excluded,  and  the  seller  must  pay  for  the  cost  of  the  test 
But  if  under  such  procedure,  the  brick  which  have  been  tested  as  objectionable 
shall  pass  the  rattler  test,  both  tests  falling  within  the  permitted  maximum,  then 
the  buyer  can  not  exclude  the  class  of  material  repreif^ted  by  this  test  and  he 
shall  pay  for  th^  cost  of  tb^  test 
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Item  24.  All  bricks  wliicb  differ  so  markedly  in  color  from  the  type  or  average 
of  the  sbipuieut  as  to  make  the  resultant  pavement  checkered  or  disagreeably 
mottled  in  api)earance.  This  item  shall  not  be  held  to  api^y  to  the  normal  raria- 
tions  In  color  which  may  occur  in  the  product  of  one  plant  among  brick  whldi 
will  meet  the  rattler  test  as  referred  to  in  items  15,  16,  and  17,  but  shall  aiq;>ly 
unly  to  differences  of  color  which  imply  differences  in  the  material  of  which  the 
brick  are  made,  ur  extreme  differences  in  manufacture. 
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mSTORY  OF  THE  FUNGUS. 

In  1875  Peck  (10)*  described  as  a  new  species  under  the  name  Peri- 
dermium  pyriforrne  a  caulicolons  or  stem-inhabiting  Peridermium  with 
obovate  to  pyriform  spores  from  a  specimen  collected  by  J.  B.  Ellis 
(No.  2040).  In  1882  Ellis  issued  in  his  North  American  Fimgi  under 
No.  1021  a  caulicolous  Peridermium  which  he  called  ^^Peridermium 
pyriforrne  on  small  branches  of  Pinus  virginiana,^'  and  in  the  FJlia 
Herbarium,  now  at  the  New  York  Botanical  Garden  is  a  specimen 
labeled  '^Peridermium  pyriforrne  on  small  branches  of  Pinua  rigida^ 
Newfield,  New  Jersey,  May,  1890."  Both  of  these  latter  specimens 
appear  to  be  Peridermium  comptoniae;  at  any  rate,  neither  of  them  is 
the  true  P.  pyriforrne  originally  described  by  Peck.  Arthur  and  Kern 
(1)  in  1906  described  as  P.  pyriforrne  Peck  what  is  now  known  as  P. 
comptoniae. 

In  1913  the  writers  received  from  Prof.  E.  Bethel  a  caulicolous 
species  of  Peridermium  on  Pinus  contoria,  which  they  described  as  a 

1  Reference  is  made  by  number  to  "  Literature  cited,"  p.  20. 

Note.— This  bulletin  discusses  an  important  disease  of  pines  which  is  now  for  the  first  time  fully  de- 
scribed. It  is  intended  for  circulation  among  botanists,  foresters,  nurserymen.  State  inspectors,  and  horti- 
coltorists. 

93041*— Bull.  347—15 ^1 
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now  species,  Peridermium  betheli  (6).  The  type  material  P.  pyri- 
forme  was  not  accessible  at  the  time  the  article  was  prepared,  as  all 
of  Peck's  specimens  were  packed  up  and  in  transit  from  the  old  to 
the  new  quarters  of  the  New  York  State  Museum.  The  writers  there- 
fore had  to  depend  upon  Arthur  and  Kern's  published  statement  con- 
cerning this  species  (1,  p.  420),  The  spore  measurements  also  of  the 
typical  P.  pyriforme  did  not  correspond,  since  the  length  of  spores  of 
the  eastern  species  as  given  by  Peck  in  his  original  description  was 
too  great.  While  this  article  by  the  writers  (6)  was  in  press,  Arthur 
and  Kern  published  an  article  (2)  in  which  they  discarded  their  earlier 
interpretation  of  P.  pyriforme  and  admitted  that  there  is  a  species  of 
Peridermium  with  typical  **pyriform,  obovate,  or  oblong-pyriform 
spores,"  just  as  Peck  had  originally  described  it  in  1875  (10),  and 
that  their  original  assignment  of  P.  pyriforme  Peck  to  what  is  now 
known  as  P.  comptoniae  was  an  error.  They  also  suggested  that  the 
alternate  stages  of  this  Peridermium  would  probably  be  foimd  on 
species  of  Comandra. 

Orton  and  Adams  (9),  in  1914,  published  an  article  on  Peridermium 
from  Pennsylvania,  in  which  they  discussed  Peridermium  comptoniae 
and  P.  pyriforme.  They  described  the  finding  of  a  caulicolous  species 
of  Peridermium  at  Charteroak,  Huntingdon  County,  Pa.,  on  the 
trunks  of  Pinus  pungens,  which  proved  to  be  the  true  Peridermium 
pyriforme  of  Peck.  Subsequently  Cronartium  comxindrae  was  found 
within  40  feet  of  the  infected  pines  and  the  conclusion  reached  that 
this  Cronartium  is  the  alternate  stage  of  Peridermium,  pyrifomne. 
They  also  state  that  P.  letheli  is  probably  a  synonym  of  P.  pyriforme. 
In  May,  1914,  Arthur  and  Kern  in  a  general  discussion  of  the  North 
American  species  of  Peridermium  inhabiting  pines  (3)  gave  the  syn- 
onjTuy  of  P.  pynforme,  a  teclinical  description,  and  an  explanation 
of  their  change  of  opinion  regarding  the  species. 

In  June,  1914,  the  writers  published  culture  data  (8)  showing  that 
successful  sowings  of  the  aeciospores  of  Peridermium  pyriforme  had 
been  made  on  Comandra  umbeUata,  thus  completing  the  life  cycle  of 
this  interesting  rust  and  proving  that  its  alternate  stage  was  the 
Cronartium  found  on  Comandra. 

MORPHOLOGY  OF  THE  FUNGUS. 

The  macroscopic  characters  of  Peridermium  pyriforme  are  practi- 
cally identical  on  all  the  hosts  examined  by  the  writers,  but  there 
are  some  differences  in  the  microscopic  characters,  especially  in  the 
shape  and  size  of  the  eeciospores.  This  diflference  in  size  and  shape 
of  the  spores  may  be  due  to  the  influence  of  the  secial  host;  that  is, 
they  may  vary  according  to  the  species  of  Pinus  which  the  Perider- 
rium  inhabits.    In  specimens  of  the  rust  on  Pinus  contorta  (PL  I, 
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fig.  4)  from  Colorado,  some  of  the  seciospores  are  very  short  and 
slightly  acummate,  while  many  are  ellipsoid  or  even  globoid  (PL  I, 
fig.  3).  In  specimens  on  Pinus  pungens  from  Pennsylvania  many  of 
the  spores  are  nearly  twice  as  long  as  those  from  Pinus  contorta, 
the  acimiination  is  very  marked,  and  the  spores  are  rarely  eUipsoid 
(PI.  I,  fig.  2). 

Peck's  type  material  of  Peridermium  pyriforme  is  in  the  New 
York  State  Museum,  at  Albany,  N.  Y.  It  consists  of  a  spUt  branch 
4  cm.  long,  1  cm.  thick  at  one  end  and  0.5  cm.  thick  at  the  other; 
the  weak,  fragile  peridia  barely  protrude  beyond  the  bark.  The 
split  surface  of  the  twig  is  glued  to  the  yellow  paper  bearing  one  of 
the  legends.  The  specimen  is  in  fairly  good  condition  and  most  of 
the  essential  characters,  both  macroscopic  and  microscopic,  can  be 
determined  from  it.  What  appears  to  be  the  other  half  of  this  speci- 
men is  at  the  New  York  Botanical  Garden,  Bronx  Park,  N.  Y.,  but 
it  is  much  insect  eaten  and  but  httle  can  be  determined  from  it. 

The  type  material  at  Albany  bears  the  following  legends  on  the 
box:  '^Peridermium  pyriforme,  Newfield,  N.  J.  EUis  #2040."  On 
the  original  wrapper  is  "Peridermium  pyriforme  on  pine  limbs  in 
the  spring,  Newfield,  N.  J.  .0015-.0025.  No.  2040  Elhs."  This 
legend  is  in  two  parts.  The  name  is  in  Peck's  handwriting,  with  a 
drawing  of  a  spore  and  size  of  spores  in  pencil,  while  the  host,  loca- 
tion, and  number  of  the  specimen  are  in  ink  and  are  in  Ellis's  hand- 
writing. The  word  "type"  is  not  in  the  original  legend.  The  fol- 
lowing is  Peck's  original  description  of  Peridermium  pyriforme  (10) 
and  his  remarks  on  the  same: 

Peridia  enimpent,  large,  white  when  evacuated,  the  cells  subrotund,  with  a  paler 
margin,  marked  with  radiating  etriations,  spores  obovate,  pyriform,  or  oblong- 
pyriform,  acuminate  below,  .0015-.0025  inch  long. 

Bark  of  pine  branches.  The  specimen  is  labeled  "Newfield,  N.  J.,"  but  Mr.  Ellis 
informs  me  that  it  may  have  been  collected  in  Geoigia  and  placed  by  accident  among 
his  New  Jersey  specimens. 

In  the  dried  specimens  the  peridia  are  mostly  compressed,  about  one-fourth  of  an 
inch  long,  and  scarcely  exserted  above  the  sm*fkce  of  the  bark.  The  spores  are  pale 
yeUow,  but  probably  they  are  more  highly  colored  when  fresh.  The  acumination  is 
generaUy^  acutely  pointed,  and  it  is  sometimes  so  elongated  as  to  make  the  spore 
appear  clavate.    It  is  one  of  the  most  distinctive  features  of  the  species. 

SYNONYMY  AND  DESCRIPTION  OF  THE  FUNGUS. 

Crcnaartmm  Tpyriforme  (Peck)  Hedge,  and  Long,  1914,  Alternate  Stage  of  Peridermium 

Pyriforme. 
Cronartium  asclepiadeum  them  Berk.,  1845,  in  Lond.  Jour.  Bot.,  v.  4,  p.  311. 
Peridermium  pyrifonne  Peck,  1875,  in  Bui.  Torrey  Bot.  Club,  v.  6,  No.  2,  p.  13. 
Caeoma  comandrae  Peck,  1884,  in  Bui.  Torrey  Bot.  Club,  v.  11,  No.  6,  p.  50. 
Cronartium  thesii  (Berk.)  Lagerh.,  1895,  in  Ttotbb^  Mus.  Aarsh.,  v.  17,  p.  94. 
Peridermium  betheli  Hedge,  and  Long,  1913,  in  Phytopathology,  v.  3,  No.  4,  p.  251. 

Pycnia  unknown. 


Digiti 


zed  by  Google 


4  BULLETIN   247,   U.    S.   DEPARTMENT  OF  AGRICULTUBE. 

iEcia  caulicolous,  appearing  on  branches  or  trunks,  forming  le- 
sions or  fusiform  swellings  2  to  30  cm.  long  (PL  II,  fig.  3);  son  scat- 
tered or  somewhat  confluent  in  small  groups,  roimded  or  irregular, 
2  to  6  mm.  long  by  2  to  4  nun.  wide  by  1  to  2  nun.  highj  peridium 
usually  only  shghtly  protruding  from  the  bark,  bladdery^  subhemi- 
spherical,  ruptming  irregularly  along  the  top  and  sides,  without  con- 
colorous  processes,  about  2  cells  thick,  outer  surface  minutely  and 
rather  closely  verrucose,  inner  surface  also  rather  closely  verrucose 
but  with  longer  tubercles;  peridial  cells  with  a  radially  striate  mar- 
gin, not  easily  torn  apart,  those  of  the  inner  layer  often  irregularly 
compressed,  waUs  thin,  2  to  4  //  in  thickness,  lumen  large;  cells  in 
the  upper  portion  of  the  peridium  ovate,  15  to  20  by  22  to  42  /i,  in 
the  lower  portion  eUipsoid  to  ovate,  16  to  20  by  40  to  60  fi;  secio- 
spores  very  variable  in  size  and  shape,  subglobose,  obovate,  ellipsoid, 
pyriform  or  even  subclavate  on  some  hosts,  more  or  less  acuminate 
at  the  basal  end,  occasionally  at  both  ends  (PL  I,  figs.  1,  2,  and  3), 
15  to  27  by  25  to  74  /£,  average  for  160  aeciospores  21.6  by  57.5  ;e, 
walls  colorless,  thicker  at  both  ends  than  in  the  middle,  2  to  4  /£ 
thick,  rather  densely  verrucose  with  small  irregular  tubercles  whidi 
in  narrow  eUipsoid  spores  are  often  arranged  in  irregular  almost  paral- 
lel lines  or  with  a  ridgeUke  marking,  which  gives  the  surface  a  reticu- 
late appearance,  no  smooth  spot  present;  cell  contents  of  the  aecio- 
spores orange  ycDow  when  fresh. 

Foimd  on  Pinus  coniorta  Loud.,  P.  divaricata  (Ait.)  Du  Mont  du 
C!ours.,  P.  ponderosa  Laws;,  P.  ponderosa  scopvlorum  Sudw.,  P. 
pungens  Michx.,  and  Pinus  sp. 

Uredinia  amphigenous  or  hypophyllous,^  scattered  or  densely  gre- 
garious, on  palUd  areas,  pustular,  125  to  200  fi  in  diameter,  dehiscent 
by  a  central  opening  or  pore;  peridium  deUcate;  urediniospores 
broadly  eUiptical  to  globoid,  16  to  21  by  19  to  25  /£,  average  for  10 
spores  17.8  by  20  //,  walls  nearly  colorless  and  sparsely  but  minutely 
echinulate,  1.5  to  2  /x  thick. 

Telial  columns  amphigenous  or  hypophyllous,^  caTilicolous,  cyliij- 
drical,  80  to  115  /z  thick,  about  1  mm.  in  length;  teliospores  oblong 
to  cyUndrical,  obtuse  to  truncate  at  one  or  both  ends,  12  to  16  by  28 
to  40  }ij  average  for  10  spores  14  by  32.7  /x,  walls  smooth,  nearly 
colorless. 

Found  on  Comandra  pallida  A.  DC,  C,  umbeUata  (L.)  Nutt.,  and 
C,  ricTiardsiana  Fern  aid  (?). 

In  the  preceding  description  by  the  jimior  writer,  the  »cial  char- 
acters (Peridermiimi)  are  taken  from  the  specimens  named  in  Table 
II  on  Pinus  coniorta,  P.  ponderosa,  P.  ponderosa  scopviorum,  and 
P.  pungens.     The  uredinial  and  teUal  characters  (Cronartium)  sre 

1  Amphigenous  on  Comandra  palUda,  hypaptyUoas  co  Oomandra  wnbdtata. 
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Injuries  to  Pines  Produced  by  Cronartium  pyriforme. 

Fir,.  1.— A  slight  hypertrophy  of  the  trunk  of  a  small  tree  of  Pinus  pungens  produced  by  the 
.eciaof  Cronartium  piirijormc.  ^  About  one-third  natural  si2e.)  Fig.  2, — Openings  produced 
by  the  rupturing:  of  tlie  bark  of  rinns  pungaia  by  the  maturing  of  the  a^ciaof  Crowirtium 
( h  riilf  rin  in  in )  pyriforme.  (About  one-third  natural  size. )  Fio.  3. — A  twig  of  Finns  contoria, 
showing  a  fusiform  swelling  produce<l  by  Cronartium  ( I'eridermium)  pyri/orme  on  this  species 
of  tree.  Similar  fusiform  swellings  are  produced  by  the  fungus  on  Pinu* p(mdcro9a,  (About 
one-half  natural  size.) 
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taken  from  specimens  of  the  fungus  on  leaves  of  Coraandra  umbel- 
lata  obtained  by  inoculations  with  aeciospores  from  Pinus  pungens 
from  Greenwood  Furnace,  Pa. 

JNOCULATION  EXPERIMENTS  WITH  THE  FUNGUS. 

Table  I  gives  complete  inoculation  data  for  this  fungus  on  Comandra 
urnbeUaia,  Successful  inoculations  were  made  with  aeciosporcs  from 
two  hosts,  Pinus  ponderosa  and  Pinus  pungens,  collected  from  three 
widely  separated  localities  in  the  States  of  Washington,  California, 
and  Pennsylvania,  In  each  instance  control  plants  of  the  same 
sj>ecies  were  used,  and  all  remained  free  from  infection.  Unsuccessful 
inoculations  were  made  with  aeciospores  from  Pinus  contorta  (Peri- 
dermium  bethdi)  both  during  1913  and  1914.  In  1914  the  failure  to 
infect  might  have  been  due  to  the  extreme  high  temperature  of  the 
greenhouse  at  the  time  the  inoculation  experiments  were  performed. 
However,  the  failure  for  two  successive  seasons  to  infect  Comandra 
with  the  fficiospores  from  Pinus  contorta  may  indicate  that  the  rust 
on  this  host  is  a  different  species  from  Peridermium  pyriforme,  since 
the  shape  and  size  of  the  ceciospores  (P.  betJieli;  PL  I,  fig.  3)  from 
Pinus  contorta  are  different  from  those  of  the  type  specimen  of  this 
rust  (PI.  I,  fig.  1).  The  writers,  in  the  absence  of  proof  from  inocula- 
tions, assume  for  the  present  that  these  morphological  differences  may 
be  due  to  the  host  and  therefore  are  not  of  sufficient  importance  to 
warrant  classifying  Peridermium  betheli  as  distinct  from  P.  pyriforme. 


Tablb  l.—ResiUU  of  inoculations 

with  the  aeciospores  of  Cronartium  pyriforme. 

.Sdal  host,  serial  num- 
ber, and  locaUty. 

Species  inoculated. 

Date  of 
inocula- 
tion. 

Results. 

Ure- 
dinia. 

Telia. 

Degree  of 
infection. 

Collector. 

Pinas  contorta: 

8500.  Eldorado 

Comandra  umbellata. . 
Comptonia  asplenifolia 
Comandra  umbellata. . 
CastQlela  linearis  .. 

1913 
June  18 

..do.... 

No  infection... 
do 

Bethel. 

Springs.  Colo. 
KiOQi     ^Eldorado 

Da 

Springs.  Colo. 

C<io.     ™^^**^  ' 
Do 

June  27 
...do.. 

do 

Da 

do 

Do. 

Pinus  ponderosa: 
124«7,  Wenatchee, 
Wash. 
Do      

Comandra  umbellata. . 
do 

1914 
May  27 

May  30 
May   28 

May  29 

May  30 

...do.... 
June    1 

June    2 
...do 

1914 
June  5 

June  9 
June  6 

June  7 

June  10 

Jimell 
...do.. 

June  12 
June  13 
...do.. 

1914 
June  28 

July     4 
July     5 

June  30 

July   15 

...do.... 
July     1 

July     4 
July     8 
July     5 

Sparse* 

do 

do 

Very      abun- 
dant. 
do 

do 

Sparse 

Abundant*... 

do 

Sparse 

No  infection*.. 

do 

Fisher. 
Da 

12468,    Rocky 
Qulch,  CaL 
Pfnus  pnn^rens: 

I5i44.  Greenwood 

do 

do 

Boyce. 
Hedgoock. 

Furnace,  Pa. 

15455,  Greenwood 

Furnace,  Pa. 

Do 

15462,  Greenwood 
Furnace,  Pa. 
Do 

do 

do 

do 

do 

Da 

Da 
Do. 

Da 

Do 

do 

Da 

Do 

do 

June    3 
July    3 
...do 

Da 

Pinus  contorta: 

15550    E 1  d  o  r  a . 

do 

Da 

Cdo. 

Do      . 

RIbfl«  loDfiinomm . , , , 

Do. 

1  Type  of  Peridermium  betheli. 

>  Sparse  here  means  less  than  six  sorL 


»  Telia  immature 

*  Inoculation  made  in  very  hot  weather. 
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A  study  of  Table  II  and  of  figures  1  and  2  of  Plate  I  shows  some 
very  interesting  facts.  For  instance,  the  shape  and  size  of  the  spores 
from  the  type  material  (PI.  I,  fig.  1)  and  those  from  Pinu^  pungens 
(PI.  I,  fig.  2)  are  practicaDy  identical,  since  the  range  in  size  for  20 
spores  of  the  type  is  19  to  25.6  /i  by  41.6  to  73.6  //  with  an  average 
for  20  spores  of  23.4  by  58.6//,  and  for  20  spores  from  Pinus  pungens 
tlie  range  is  19  to  25.6  p.  by  42  to  73.6  /i  with  an  average  for  20  spores 
of  23.1  by  59.1  /x.  This  close  similarity  in  size  and  shape  would 
indicate  that  the  type  may  have  been  on  Pinus  pungens,  but  this 
does  not  seem  probable  if  the  type  reaUy  came  from  Newfield,  N.  J., 
as  Pinus  pungens  has  not  been  reported  from  this  locality,  although 
Britton  (4)  reports  it  as  abimdant  1  mile  east  of  Sergeantsville,  in 
Hunterdon  County.  It  is  possible  that  sporadic  or  introduced 
specimens  of  Pinus  pungens  may  have  been  growing  near  Newfield 
at  the  time  the  collection  of  the  type  specimen  of  Peridermium 
pyriforme  was  made.  The  alternate  stage  of  the  rust,  Cronartium 
pyriforme,  on  Comandra  umbeUata  was  coUected  at  Newfield,  N.  J., 
by  EUis  in  August,  1879,  and  issued  by  him  in  North  American 
Fungi  under  the  number  1082.  This  indicates  that  the  type  material 
of  Peridermium  pyriforme  came  from  New  Jersey. 

Table  IL — Measurements,  shape,  etc.,  of  the  seciospores  of  Cronartium  pyriforme. 


Measurement  (microns'). 


.'Ecial  host,  serial  number, 
and  locality. 


Range  in  sire. 


Average  lor 
20  spores. 


Shape. 


Acumination. 


Pinus  pnnpen?: 

lo4«i2,    (Ireenwood    Fur- 
nace, Pa. 

Pinu^  sp.: 

Type,  Xewfleld,  N.  J.  (?). 

Pinus  ponderosa: 

loooH,  near  Darby,  Mont. . 


12467,  Wenatchee,  Wash . . 
1246S,  Rocky  Gulch,  Cal.. 

Pinus  ponderosa  scopulonim: 
12470,     Crook     National 
Forest,  Ariz. 

Pinus  contort i: 

Vk^oO,  Eldora,  Colo 


s.=i()0,   Eldorado  Springs, 
Colo. 


19  to  25.6  by  42  to 
73.6. 


19  to  25.6  by  41.6 
to  73.6. 


10  to  25.6  by  38  to 
61. 

IS  to  25.6  by  38  to 

64. 
20.^  to  25.6  by  35 

to  70.4. 

19  to  27  by  32  to  64. 


13  to  25.6  by  25  to 

45. 
15  to  26  by  25  to  48. 


23.1  by  59.1.. 
23.4  by  58.6.. 

22.4  by  48.6.. 

21.1  by  61.5.  . 
23.9  by  54.5.. 


Obovate  or  pyri- 
form  to  suDcIa- 
vate  or  spatulate. 

form  or  suoda- 
vate, 

Obovate  to  pyri- 
form  or  rarely 
ellipsoid. 

Obovate  to  pyri- 
form. 

....do 


21.8  by  44.3. 


lH.iby40.2. 


Ellipsoid  or  obo- 
vate to  pyrlform, 

....do 


20  by  43 do. 


Often    very    long 
(PI.  I,  fig.  2). 

Often    very    long 
(PI.  I,  fig.  1). 

Often  not  very  pro- 
nounced. 

Do. 

Do. 


Usually  very  short 


Uioially  very  short 

(PI.  I,  fig.  3). 
Usually  very  short 


The  senior  writer,  during  August,  1914,  visited  Newfield  and  several 
other  localities  in  the  same  region.  He  found  the  same  species  of 
pine  here  that  are  known  to  occur  in  southern  New  Jersey  and  that 
probably  were  present  at  the  time  of  the  Ellis  collection,  viz,  Pinus 
echinata,  P,  rigida,  and  P.  virginiana.  None  of  these  were  found  by 
him  to  be  diseased  with  the  Peridermium  of  Cronartium  pyriforme. 
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Camandra  umheUata  observed  in  a  number  of  these  localities  was  also 
free  from  the  rust. 

In  1914  the  senior  writer  found  Pinus  pungens,  P,  rigida,  an4  P. 
virginiana  closely  associated  in  a  mixed  forest  near  Greenwood  Fur- 
nace, Pa.  In  this  instance  Pinus  pungens  was  attacked  by  Peri- 
dermium  pyriforme  so  badly  that  in  some  places  more  than  50  per 
cent  of  the  trees  were  killed,  and  although  Comandra  umheUata  plants 
bearing  the  teUal  form  of  the  rust  were  present  in  abundance,  no  pines 
of  either  of  the  other  species  were  diseased.  This  indicates  that  these 
two  species  of  trees  are  immune  and  that  neither  can  be  the  host  for 
the  type  specimen  that  EUis  found  at  Newfield.  Of  the  five  species 
of  pines  known  to  be  the  secial  host  of  this  fungus,  not  one  is  a  strictly 
three-needle  pine.  All  have  either  two  or  two  to  three  needles  in  the 
leaf  clusters.  This  makes  it  seem  improbable  that  Pinus  rigida  was 
the  host  of  the  type  material.  Pinus  echinaia  is  a  two  to  three  needle 
pine  found  in  southern  New  Jersey,  and  this  species  may  have  been 
the  host  of  Ellis's  type. 

The  cultural  work  done  by  the  writers  with  Peridermium  pyriforme 
Peck  proving  it  to  be  the  eecial  stage  of  Cronartium  pyriforme  (Peck) 
Hedge,  and  Long  on  species  of  Comandra  completes  the  life  history 
of  all  the  caulicolous  species  of  Peridermium  as  now  recognized  in  the 
United  States.  There  are  four  native  and  one  introduced  species  and 
each  constitutes  the  SBcial  stage  of  a  species  of  Cronartium: 

(1)  Peridtrmium  pyrtformet  which  is  the  secial  stage  of  Cronartium  pyrtforme. 

(2)  Peridermium  cerebrum  Peck  is  the  secial  stage  of  Cronartium  cerebrum  (Peck) 
Hedge,  and  Long  on  species  of  Quercus  and  Castanopeis.  This  is  a  well-recognized 
eastern  species  and,  including  its  western  form,  Peridermium  harhnesm  Moore,  is  the 
only  native  gall-forming  Peridermium  in  the  United  States.  P.  harhnesm  on  Pinue 
racHata  Don  is  synonymous  with  Peridermium  cerebrum^  since  it  is  associated  with 
Cronartium  cerebrum  on  Quercus  agrifolia  N^  on  the  Monterey  Peninsula  in  California. 
The  other  forms  of  Peridermium  Jiarhnessii  may  not  belong  here,  and  imtil  ciiltural 
proof  of  their  identity  with  P.  cerebrum  is  obtained,  the  forms  on  Pinus  ponderosa^ 
Pinus  contortay  and  other  western  pines  remote  from  species  of  Quercus  and  Cas- 
tanox>sis  can  only  be  doubtfully  referred  here. 

(3)  Peridermium  comptoniae  (Arth.)  Orton  and  Adams,  a  well-known  eastern  species, 
usually  occurring  on  the  pitch  pine  {Pinus  rigida  Mill.)  in  the  eastern  and  north- 
eastern United  States,  but  also  attacking  two  to  three  needle  species,  is  the  aecial 
stage  of  Cronartium  comptoniae  Arth.  which  attacks  Comptonia  peregrina  (L.)  Coult. 
and  Myrica  gale  L. 

(4)  Peridermium  filamtntosum  Peck  on  Pinus  ponderosa  and  Pinus  contorta  is  the 
aecial  stage  of  Cronartium  Jilamentosum  (Peck)  Hedge,  which  attacks  a  number  of 

.  species  of  Castilleja  in  the  western  United  States  over  a  wide  r^on,  ranging  from  the 
Rocky  Moim tains  to  the  Pacific  coast.  Peridermium  stalacti/orme  Arth.  and  Kern 
and  Cronartium  coleosporioides  (Dietel  and  Hoi  way)  Arth.  and  Kern  are  synonymous 
with  this  species. 

(5)  Peridermium  strobi  Kleb.,  an  introduced  species,  is  the  secial  stage  of  Cronar- 
Hum  ribicola  Fisch.  de  Waldh.,  which  attacks  many  species  of  Ribes.  In  Europe  this 
Peridermium  attacks  several  species  of  white  (5-needle)  pine.  In  the  United  States 
it  has  been  found  on  only  one  species,  Pinus  strobus  L. 
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For  a  number  of  years  Prof.  E.  Bethel  has  coDected  from  the  leaves 
of  liibes  longiflomm  at  Denver,  Boulder,  and  elsewhere  in  Colorado 
a  species  of  Cronartiura  which  is  apparently  not  identical  with  the 
European  Cronartium  rihicola.  The  senior  writer  collected  abundant 
specimens  of  the  uredinial  and  t^lial  forms  of  this  rust  both  at  Boulder 
and  Denver,  Colo.,  in  October,  1914.  The  telia  of  this  Cronartium 
are  larger,  more  abundant,  and  much  more  conspicuous  than  those 
of  the  European  species.  Although  the  fungus  has  been  epidemic 
for  several  years  on  the  Chautauqua  grounds  near  Boulder,  two  young 
white  pines  (Pinus  strohus)  on  the  grounds  not  far  from  the  diseased 
Ribes  were  free  from  the  disease.  This  species  apparently  is  able  to 
winter  over  on  Ribes  plants  in  the  uredinial  form.  It  may  yet  be 
found  that  the  aecial  form  is  a  Peridermium  on  one  of  our  native 


pmes. 


DISTRIBUTION  OF  THE  FUNGUS. 


DISTRIBUTION  OF  THE  iCCIAL  FORM.^ 


The  sDcial  form  of  the  fungus,  Peridermium  pyriforme,  is  widely 
distributed  in  the  United  States,  having  been  found  in  10  States: 


Fio.  1. — Outline  sketch  map  of  the  United  States,  showing  the  known  distribution  of  Cnwirtiuin  pfri' 
forme.  Local itie-^  whoro  cnllo'jtions  of  the  dillorcnt  forms  of  the  funpus  have  been  made  are  indicated  as 
follows:  V,  yEoial  form  on  species  of  pines;  a^  uredinial  and  telial  forms  on  species  of  Comandra;  X»  aU 
forms. 

Arizona,  Cahfoniia,  Colorado,  Montana,  New  Jersey,  Pennsylvania, 
South  Dakota,  Washmgton,  Wisconsin,  and  Wyoming  (fig.  1);  and 
when  a  more  careful  search  is  made  for  the  fungus,  in  the  light  of  our 
present  knowledge,  it  will  no  doubt  be  found  to  have  a  much  more 
general  distribution  in  this  coimtry.  It  has  also  been  found  in 
Alberta  and  British  Columbia. 

1  All  specimens  cited  except  those  marked  with  a  star  (*)  have  been  examined  by  one  of  the  writers. 
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DISTRIBUTION  IN  THE  DOMINION  OF  CANADA. 

Alberta. — On  Pirvus  contarta  (P.  murrayana):  *  Devil's  Lake, 
Banff,  by  Holway  (3,  p.  127),  in  1907. 

British  Columhia.— On  Firms  ponderosa:  *  Vernon,  by  Brittain, 
in  1913. 

DISTRIBUTION  IN  THE  UNITED  STATES. 

New  Jersey, — On  Pinus  sp.:  (Type)  Newfield,  by  Ellis  (2040),  in 
1882  (Herbarium  New  York  State  Museum). 

Pennsylvania. — On  Pinus  pungens:  CJharteroak,  by  Orton  and 
Adams,  in  1913  (F.  P.^  15129);  Greenwood  Furnace,  by  Hedgcock, 
in  1914  (F.  P.  15444,  15455,  and  15462);  Petersburg,  Huntingdon 
County,  by  Hedgcock,  in  1914  (F.  P.  15483). 

Wisconsin. — On  Pinus  divaricaia:  *  Douglas  County,  by  Davis. 

South  Dakota. — On  Pinus  ponderosa  scopulorum:  *  Rockendlle,  by 
White;  Black  Hills  near  Chister,  by  Hedgcock  and  Phillips  (F.  P. 
15826)  and  by  Hedgcock  (F.  P.  15801),  in  1914. 

Wyoming.— ^n  Pinus  contorta:  Dubois,  by  C.  E.  Taylor,  in  1914 
(F.  P.  15797). 

Colorado. — On  Pinus  contorta  (P.  murrayana):  *Gatos  (coDector 
not  given),  in  1906  (3,  p.  126-127);  Eldorado  Springs  (F.  P.  8500), 
type  of  Peridermium  hetheli,  Lake  Eldora  (F.  P.  8511),  Allensparic 
(F.  P.  8502  and  8514),  Arrow  (F.  P.  8515  and  8494),  by  Bethel,  m 
1913;  Eldora  (F.  P.  15550),  by  Bethel,  m  1914. 

On  Pinus  ponderosa  scopulorum:  Moniunent,  by  Hedgcock,  yi 
1912;  Allenspark,  by  Bethel,  in  1913  (F.  P.  8504,  8505,  8510,  and 
8451). 

Montana. — On  Pinus  ponderosa:  Darby,  by  Weir,  in  1914  (F.  P. 
15556). 

Washington. — On  Pinus  ponderosa:  Wenatchee,  by  D.  F.  Fisher, 
in  1914  (F.  P.  12467)/ 

On  Pinus  sp.:  *  Seattle,  by  Bonser  (3,  p.  127),  m  1906. 

Odlifomia. — On  Pinus  ponderosa:  TVinity  National  Forest,  by 
Box,  in  1912;  Rocky  Gulch,  Siskiyou  County,  by  Meinecke,  in  1913; 
by  Boyce,  in  1914  (F.  P.  12468);  Mills  Ranch,  Goosenest  Moimtain, 
Siskiyou  County,  by  Boyce,  in  1914  (F.  P.  15678  and  15680);  Cas- 
tella,  Shasta  Coimty;  Weaverville  and  Brown  Oeek,  Trinity  County, 
by  Boyce,  in  1914. 

Arizona. — On  Pinus  ponderosa  scopulorum:  Crook  National  Forest, 
by  Swift,  in  1914  (F.  P.  12470). 

DISTRIBUTION  OF  THE  UREDINIAL  AND  TEUAL  FORMS. 

Oronartium  pyriforme,  representing  both  the  uredinial  and  teUal 
forms  of  the  fimgus,  has  been  collected  more  frequently  and  over  a 
greater  range  of  terrritory  than  the  aecial  form.     It  has  been  found  in 

1  Forest-Pathology  InvestlgatJoos  number. 
93041**— Bull.  247—15 2 
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Quebec  and  Ontario  in  the  Dominion  of  Canada  and  in  the  United 
States  in  the  following  States:  Cahfomia,  Colorado,  Qlinoia,  Maas*- 
chusetts,  Michigan,  Missouri,  Montana,  Nebraska,  New  Jersey,  New 
York,  North  Dakota,  Ohio,  Pennsylvania,  South  Dakota,  Utah, 
Washington,  Wisconsin,  and  Wyoming  (fig.  1). 

DISTRIBUTION   IN  THE   DOMINION   OF  CANADA.* 

Quebec. — On  Comandra  umbellata.^ — Seven  Islands,  by  C.  B.  RolHn- 
8on  (858,  Plants  of  Quebec). 

Ontario. — On  Corruindra  umbdUita.^ — ^London,  by  J.  Deamess  (2443, 
Sydow  Uredineen  and  3419,  Fungi  Columbiani) ;  and  Point  Abino, 
by  J.  J.  Davis  (Herbarium  New  York  Botanical  Garden). 

DISTRIBUTION   IN   THE    UNITED   STATES. 

Vermcynt. — On  Comandra  umheUaia:  Between  Essex  Junction  and 
Burlington,  by  Hedgcock  (F.  P.  8539  and  8655);  locality  not  giveii, 
by  A.  J.  Grout  (Herbarium  New  York  Botanical  Garden). 

Massachusetts. — On  Comandra  umbeUata:  Magnolia,  by  Seymour 
and  Earie  (210-a  and  210-b,  Economic  Fungi). 

New  YorJc. — On  Comandra  umheOata:  Syracuse  (Ex.  Herbarium 
L.  M.  Underwood);  Ithaca,  by  H.  S.  Jackson  (1458,  Flora  North 
America);  Mount  Defiance,  by  Peck  (Herbarium  New  York  State 
Museum). 

New  Jersey. — On  Comaridra  umbeUata:  Newfield,  by  Ellis  (1082, 
Ellis  and  Everhart,  North  American  Fungi). 

Pennsylvania. — On  Comandra  umbeUata:  CJharteroak,  Hunting- 
don Coxmty,  by  Orton,  Adams,  and  Kirk  (9,  p.  25) ;  Petersbmg, 
Huntingdon  County,  by  Hedgcock  (F.  P.  15637).  Greenwood 
Furnace,  Huntingdon  Coxmty,  by  Hedgcock  (F.  P.  15653,  15654,  and 
15657). 

Ohio. — On  Comandra  unibeUata:  Cleveland,  by  B.  T.  Galloway. 

lUinms. — On  Comandra  umhellata:  Oregon,  by  M.  B.  Waite  (85, 
134,  176,  and  366). 

Missouri. — On  Comandra  paUida:  Emma,  by  C.  H.  Demetrio 
(4310,  Rabenhorst-Paczschke,  Fungi  Europsei  et  Extra-Europwei)- 

Michigan. — On  Comandra  umbeUata:  Ann  Arbor,  by  Holway  (504, 
North  American  Uredinales) ;  Ann  Arbor,  by  F.  L.  Scribner:  Ros- 
common, P.  Spaulding  (F.  P.  15681). 

Wisconsin. — ^On  Comandra  umbeUata:  Racine,  by  J.  J.  Davis;  TTie 
Dells,  by  Underwood  (Herbarium  New  York  Botanical  Garden). 

Nebraska. — On  Comandra  paUida:  Dismal  River,  by  Webber  (784, 
Fungi  Nebraskenses);  Hat  Creek  basin,  by  Webber  (776,  Fungi 
Nebraskenses);  Lincohi,  by  R.  J.  Pool  (F.  P.  17045). 

I  All  specimens  here  listed  are  in  the  myoological  collections  of  the  United  States  Department  d  Agat^ 
tnre  unless  otherwise  noted. 

s  These  species  probably  should  be  Comandra  rkhardtUma  Femald,  since  the  ooUectloDS  were  made  fa  «te 
range  of  C.  rickardskina  and  out  of  the  range  of  C.  umbeUata  as  now  recognised. 
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Wyoming. — On  Comandra  pallida:  Big  Horn  Mountains,  by  Wil- 
liams and  Griffiths  (298-a,  West  American  Fungi);  Bear  Lodge 
Mountains,  by  Griffiths  and  Carter  (298,  West  American  Fungi); 
Centennial,  by  E.  T.  and  E.  Bartholomew  (3705,  Fimgi  Coliunbiani) ; 
near  Medicine  Bow  River,  by  A.  Nelson  (1257,  Herbarium  University 
of  Wyoming). 

Sauik  Dakota. — On  ComamAra  pallida:  Iroquois,  by  F.  A.  Williams 
(1914,  Fungi  Columbiani);  Black  Hills,  near  Custer,  by  Hedgcock 
and  Phillips  (F.  P.  15827  and  15828). 

NorOi  Dakota. — On  Comandra  paUida:  Beaver  Lake,  by  J.  F. 
Brenckle  (78,  Fungi  Dako tenses). 

Colorado.— On  Comandra  pallida:  Boulder,  by  F.  E.  and  E.  S. 
Clements  (542,  Cryptogam®  Formationum  Coloradensium) ;  south  of 
Yuma,  by  H.  L.  Shantz,  U.  S.  Dept.  Agr.  Plant-Disease  Survey; 
Short  Creek,  Custer  County,  by  T.  D.  A.  Cockerell  (99  and  104,  Ellis 
Collection  in  Herbarium  New  York  Botanical  Garden);  Soldier 
Canyon,  by  J.  H.  Cowen  (168,  Ellis  Collection);  La  Veta,  by  C.  A. 
CrandaU  (283,  Ellis  Collection);  Pagosa  Peak,  by  C.  F.  Baker  (22, 
Plants  of  Southern  Colorado) ;  also  by  F.  S.  Earle  (120,  Herbarium 
New  York  Botanical  Garden);  Sangre  de  Oisto  Mountains  near 
WestcUffe,  by  Hedgcock  (F.  P.  8082);  Steamboat  Springs,  by  Hedg- 
cock (F.  P.  3873  and  3889);  Monument,  by  Hedgcock  (F.  P.  3792, 
3839,  15948,  and  15950);  Palmer  Lake,  by  Hedgcock  and  Bethel 
(F.  P.  3794  and  3819);  Boulder,  by  Hedgcock  (F.  P.  15885);  Golden, 
by  Hedgcock  (F.  P.  15888);  Palmer  Lake,  by  Hedgcock  (F;  P.  15907 
and  15948);  Monument  Nursery,  by  Hedgcock  and  Pierce  (F,  P., 
15950). 

Utah. — On  Comandra  pallida:  Locality  not  given,  by  M.  E.  Jonea 
(Herbariimi  New  York  Botanical  Garden). 

Montana. — On  Comandra  pallida:  Helena,  by  F.  D.  Kelsey; 
Sandcoulee,  by  F.  D.  Kelsey  (2419,  Elhs  and  Everhart,  North 
American  Fungi);  Sandcoulee  (80,  Montana  Flora)  and  Helena  (61, 
Parasitic  Fungi  Montana),  by  F.  W.  Anderson;  Missoula,  by  Hedg- 
cock and  Kirkwood  (F.  P.  8021). 

Washington. — On  Comandra  pallida:  West  Klickitat  County,  by 
W-  W.  Suksdorf  (176,  Flora  of  Washington). 

California. — On  Comandra  unibeUata:  Shasta  Springs,  by  W.  C. 
Blasdale  (6  North  American  Uredinales),  by  M.  A.  Howe  (101,  Fungi 
California),  Herbarium  New  York  Botanical  Gardens;  Mills  Ranch, 
Siskiyou  County,  by  Boyce  (F.  P.  15796);  Integral  Mine,  Shasta 
County,  by  Boyce;  Rocky  Gulch,  Siskiyou  Coxmty,  by  Meinecke; 
Weaverville  and  Brown  Creek,  Trinity  County,  by  Boyce;  Goosenest 
Mountain,  Siskiyou  Coimty,  by  Boyce  and  Rider. 
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DISSEMINATION  OF  THE  FUNGUS. 

Cronartium  pyriforme  is  disseminated  by  means  of  its  three  spore 
forms — viz.,  seciospores,  urediniospores,  and  teliospores — each  form 
playing  an  important  r6le  in  maintaining  the  succession  of  generations 
between  pine  trees  and  Comandra  plants.  The  process  of  infection 
with  this  species  of  rust  does  not  diflFer  materially  from  that  of  ihe 
white-pine  bhster  rust  (12). 

Tlie  fecia  on  the  table  mountain  pine  (Pinus  pungens)  in  Pennsyl- 
vania mature  from  the  middle  of  May  to  the  latter  part  of  June. 
Farther  north  on  the  jack  pine  (Pinus  divaricata)  they  bear  their 
spores  somewhat  later  in  the  season.  On  the  lodgepole  pine  (Pinus 
contorta)  and  the  western  yellow  pine  (Pinus  ponderosa)  from  Colorado 
to  Wyoming,  the  period  of  maturity  is  from  the  middle  of  Jime  to  the 
middle  of  Jul}'.  In  each  region  they  develop  earlier  on  slopes  of 
southern  exposure  and  at  lower  altitudes. 

The  8?ciospores  are  discharged  in  great  abundance  for  a  day  or  two 
and  with  lessened  abundance  for  about  a  week  longer.  They  infect 
any  Comandra  plants  with  which  they  come  in  contact.  The  leaves 
are  most  commonly  infected,  but  occasionally  the  steins  and  floral 
parts  are  attacked.  The  infection  near  diseased  pine  is  usually  very 
abundant,  decreasing  rapidly  as  the  distance  increases.  An  abundant 
infection  from  jeciospores  has  not  been  noted  for  more  than  200  feet 
from  the  secial  center,  when  it  is  located  on  small  pines.  When  large 
pines  are  diseased  in  the  upper  limbs,  the  distance  that  the  »ciospores 
are  blown  is  greatly  increased,  and  the  zone  of  infection  is  therefore 
extended  very  much,  and  on  mountain  slopes  may  reach  the  distance 
of  nearly  1,000  feet.  This  inoculation  of  Comandra  plants  by 
8eciospores  may  well  be  designated  as  a  primary  infection,  and  that  by 
urediniospores,  described  in  the  following  paragraph,  as  a  secondary 
infection. 

In  8  to  10  days  from  the  time  of  inoculation  by  aeciospores  the 
uredinia  appear  on  the  leaves  of  the  infected  Comandra  plants  and 
urediniospores  begin  to  be  produced.  These  are  blown  about  by 
winds  and  inoculate  other  Comandra  plants.  This  secondary  infec- 
tion greatly  extends  the  area  of  diseased  plants.  A  second  crop  of 
uredinia  develops  in  from  8  to  10  days  from  these  secondary  infections. 
This  process  continues  throughout  the  growing  season.  It  is  possible 
that  as  many  as  six  or  more  generations  of  uredinia  may  be  thus  pro- 
duced in  one  season,  and  the  fungus  may  spread  several  miles  in  this 
manner.  It  is  by  this  method  of  infection  that  the  fungus  spreads 
the  greatest  distance  in  nature,  which  explains  why  the  form  of  fungus 
on  the  Comandra  plants  is  more  common  than  on  the  form  of  pines. 

In  about  15  days  the  telial  columns  develop  from  the  uredinial  son 
on  the  Comandra  plants.  As  each  column  grows  older  it  gradually 
elongates,  and  the  development  of  teliospores  progresses  outward 
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along  the  column  with  its  growth.  The  period  of  teUospore  formation 
for  each  telium  is  from  one  to  two  weeks.  The  tehospores  germinate 
in  situ  as  fast  as  they  mature,  without  being  detached  from  the  teUal 
columns.  As  each  teliospore  germinates  it  develops  a  basidium, 
which  when  typical  bears  four  sporidia.  The  sporidia  borne  on  each 
basidium,  however,  are  usually  less  than  four.  The  sporidia  become 
detached  as  soon  as  mature  and  are  carried  away  by  even  the  shghtest 
breeze.  They  readily  infect  the  yoimger  part  of  pine  tr^es,  thus 
completing  the  life  cycle  of  the  fungus.  From  observation  it  appears 
probable  that  germinating  sporidia  usually  gain  entrance  into  the 
tissues  of  the  pines  through  wounds  or  in  wound  callus  where  young 
cells  are  exposed.  Inoculations  with  another  sj>ecies,  Cronartium 
cerebrum  J  on  pine  trees  (Pinus  virginiana)  without  woimds  have  failed, 
while  at  the  same  time,  other  conditions  being  similar,  they  were 
successful  in  woimds. 

Since  each  generation  of  uredinia  on  Comandra  plants  is  followed 
within  a  few  days  by  one  of  the  teUa,  there  is  a  continual  produc- 
tion of  sporidia  from  the  time  the  teUa  first  appear  till  the  end 
of  the  growing  season.  This  greatly  extends  the  period  of  pos- 
sible infection  for  pines,  a  period  which  must  be  from  two  to  four 
months,  depending  upon  the  length  of  the  growing  season  in  pines, 
which  varies  not  only  at  diflFerent  altitudes  and  in  diflFerent  latitudes, 
but  also  from  season  to  season. 

It  is  highly  probable  that  the  various  spore  forms  of  this  fungus, 
especially  the  seciospores  from  the  pines,  may  be  carried  about  on 
the  bodies  of  birds  and  of  the  smaller  animals.  In  this  manner  they 
could  be  carried  even  to  greater  distances  than  is  possible  by  wind 
dissemination. 

If  young  pines  in  nurseries  should  become  infected,  the  danger 
of  a  much  wider  dissemination  of  the  fungus  than  has  already  taken 
place  in  nature  is  at  once  possible,  with  man  as  the  agent.  Under 
conditions  such  as  occur  in  many  locaUties  both  in  the  eastern  and  the 
western  United  States  it  would  be  easily  possible  for  the  pines  in 
nurseries  to  become  badly  infected,  owing  to  the  abimdance  of  Coman- 
dra plants  in  the  vicinity. 

EFFECT  OF  THE  FUNGUS  ON  ITS  HOST  PLANTS. 
EFFECT  OF  THE  iECIAL  FORM  ON  PINES. 

The  immediate  effect  of  the  secial  form,  Peridermium  pyriforme, 
varies  in  different  species  of  pines  and  on  the  same  species  under 
different  conditions.  When  young  lodgepole  pines  or  western  yellow 
pines  are  attacked,  either  on  the  trunk  or  hmbs,  there  commonly 
develops  a  slightly  swollen  area  in  the  region  of  the  infection.  If 
the  infected  area  encircles  the  trunk,  as  it  usually  does,  a  spindle- 
shaped  or  fusiform  swelling  may  residt  (PL  II,  fig.  3),  which  varies 
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from  an  inch  to  more  than  a  foot  in  length.  In  case  of  Pinus  pungens 
(PI.  II,  figs.  1  and  2),  fusiform  sweUings  are  not  so  common  as  in 
case  of  Pinus  contorfa  and  Pinus  ponderosa,  SweUing  is  commonly 
not  very  evident  in  very  yomig  trees  of  any  of  these  three  species. 
The  bark  hiyers  are  usually  thickened  in  the  portions  where  the  rust 
mycelium  is  present.  So  far  as  can  be  ascertained  from  field  observa- 
tions the  aH'ia  may  not  appear  until  three  or  more  years  after  mfection 
takes  place. 

The  development  of  the  peridia  hi  the  maturity  of  the  aecia  rup- 
tures the  bark  of  the  diseased  areas,  forming  numerous  openings 
(PI.  II,  fig.  2)  which  reach  to  the  inner  layers  of  the  cambium.  Asa 
result  the  death  of  the  cambium  layer  may  take  place,  due  apparently 
to  excessive  evaporation  of  water  through  the  lesions.  The  part  of 
the  tree  attacked  usually  is  either  girdled  and  killed  outright  or  it  is 
partially  girdled  and  a  canker  is  formed.  Young  pines  are  veiy 
commonly  girdled  and  killed  during  the  same  season  the  aecia  are 
produced.  In  its  effect  on  pines,  Peridermium  pyriforme  must  be 
classed  with  P.  sfrohi  and  P.  jilamentosum  and  be  ranked  as  one 
of  the  most  destructive  species  of  Peridermium  m  North  America. 

In  a  region  adjacent  to  Greenwood  Furnace,  Himtingdon  County, 
Pa.,  the  senior  wTiter,  during  June,  1914,  took  notes  on  the  nmnber 
and  condition  of  pines  (Pinus  pungens)  diseased  with  Peridermium 
pyrifomie.  Again,  in  autumn,  the  condition  of  the  same  trees  was 
noted,  and  it  was  found  that  of  50  diseased  pines  upon  which  the 
a^cia  had  been  found  in  June,  29  (58  per  cent)  were  dead  from  the 
ginlUng  effect  of  the  fungus. 

These  had  apparently  died  shortly  after  the  secia  fruited,  as  dead 
leaves  were  still  clinging  to  the  branches  of  the  trees.  The  pines  ex- 
amined were  small,  varying  in  height  from  4  to  10  feet,  and  in  diam- 
eter at  the  ground  from  1  to  4  inches.  A  similar  effect  was  noted 
during  the  autumn  of  1914  on  a  smaller  number  of  young  pines 
(Pinus  pondirosa)  in  the  Black  Hills  near  Custer,  S.  Dak. 

J.  S.  Boyce,  of  the  Office  of  Investigations  in  Forest  Pathology,  has 
reported  this  fungus  on  the  yellow  pine  (Pinus  ponderosa)  in  Klamath, 
wShasta,  and  Trinity  National  Forests  in  California.*  This  report 
states  that  in  the  Klamath  National  Forest — 

Tlu^  I)arayito  produced  spindle-shaped  swellings  at  the  point  of  infection  on  the 
yellow  pine,  usually  on  the  main  stem  but  occasionally  on  the  branches.  These 
swell ini^s  varied  from  2  inches  to  a  foot  in  length. 

The  f  un*:us  on  yellow  pine  undoubtedly  kills  that  portion  of  the  main  stem  oar  branch 
of  (he  tree  above  the  point  of  infection.  A  number  of  small  trees  were  found  to  have 
been  killed.  Each  of  these  bore  one  or  more  spindle-shaped  swellings  on  the  stem. 
A  volunteer  (8h(K)t)  had  then  apj>eared  while  a  new  infection  had  occtirred  just 
below  the  point  where  the  volunt(*er  joined  the  main  stem.  A  repeated  killing  of 
this  kind  causes  a  strikingly  deiorme'l  tree. 

»  Boycc,  J.  S.    Xotos  on  Oorwr/ium  pyriforme.    Unpublished  report  sabmitted  December  7, 1914, 
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The  laigest  infected  tree  found  was  12  feet  high  and  3  inches  in  diameter  at  breast 
height,  approximately  22  years  old,  with  the  infection  occurring  5  feet  from  the  ground. 
In  another  area  here  10  saplings  killed  by  the  fungus,  with  only  one  living  iminfected 
tree,  were  foimd. 

One  diseased  axea  of  Pinus  ponderosa  at  Mills  Ranch  on  the  north 
slope  of  Goosenest  Mountain  in  the  Klamath  National  Forest  was 
described  by  Boyce,  which  contained  at  least  a  hundred  acres.  The 
largest  tree  diseased  by  the  fungus  in  this  area  was  8  inches  in  diame- 
ter at  breast  height.  Spindle-shaped  swellings  were  common,  but 
more  especially  on  the  younger,  smaller  trees.  The  girdling  effect 
and  death  of  the  host  tree  in  the  parts  above  the  point  of  infection 
were  very  much  in  evidence  in  this  area.  Small  trees  apparently 
were  girdled  and  killed  much  sooner  than  older  trees.  Wounds  caused 
by  some  gnawing  animal,  presumably  the  porcupine,  were  common 
on  trees  in  areas  where  the  fungous  disease  occurred.  In  one  of  the 
diseased  portions  of  the  forest  a  sample  plat  was  established  by 
Boyce  and  a  count  of  the  healthy,  infected,  dead,  and  dying  trees 
of  Pinus  ponderosa  was  made.  The  result  was  as  follows:  Out  of  314 
trees  in  the  plat,  153  (48.7  per  cent)  were  apparently  healthy,  52 
(16.5  per  cent)  were  plainly  diseased  by  the  fungus,  3  (0.9  per  cent) 
were  dying,  and  106  (33.7  per  cent)  were  dead  from  the  effects  of  the 
fungus.     In  the  words  of  the  report: 

Over  50  per  cent  of  the  total  number  of  trees  oi  the  sample  plat  had  been  infected, 
and  nearly  two-thirds  of  the  total  number  infected  had  already  been  killed.  There  is, 
of  course,  a  possibility  that  the  death  of  some  of  these  might  have  resulted  from  other 
causes,  but  only  those  trees  were  included  which  I  was  certain  in  my  mind  had  been 
killed  by  the  fungus. 

Boyce^s  data  corroborate  those  taken  by  the  senior  writer  both  in 
Pennsylvania  and  South  Dakota. 

Reporting  concerning  an  area  of  diseased  Pinus  ponderosa  along 
Browns  Creek  in  Trinity  National  Forest,  Boyce  says: 

There  were  many  dead  trees,  undoubtedly  killed  by  the  fungus,  with  spindle-shaped 
swellings  on  the  main  stems.  On  living  infected  trees  the  8ecia  were  sporulating 
(Jxme  27,  1914),  but  not  very  abundantly,  not  to  be  compared  with  the  sporulation 
found  at  Rocky  Gulch  on  May  20.  One  infected  sapling  was  found  in  which  the 
major  portion  of  the  bark  had  been  destroyed  either  by  wood  rats  or  porcupines. 

Where  the  trunk  is  not  girdled,  cankers  or  catfaces  are  occasionally 
formed  by  the  death  of  a  portion  of  the  cambium.  In  such  cases 
the  continued  presence  of  the  fungus  in  the  hve  tissues  beyond  the 
dead  area  stimulates  their  growth,  and  the  fungus  may  fruit  a  number 
of  times  before  the  tree  is  killed.  Catfaces  on  the  lodgepole  pine 
(JPinus  contorta)  and  on  the  western  yellow  pine  {Pinus  ponderosa), 
however,  are  more  commonly  produced  by  another  species  of  rust^ 
Peridermium  Tiarlcnessii. 

Peridermium  pyriforme,  when  it  infects  the  trunk  of  a  pine  tree, 
may  spread  from  the  trunk  to  such  limbs  as  spring  from  a  point  near 
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the  center  of  infection  or,  vice  versa,  may  spread  from  the  point  of 
infection  on  a  limb  to  that  part  of  the  tnmk  adjacent  to  the  diseased 
area  on  the  limb.  In  this  it  resembles  P.  fiUvmentosum  (5)  and  the 
fusiform  type  of  P.  cerebrum  (JR.  fusiforme)  (7,  p.  248).  Such  in- 
stances in  the  case  of  both  P.  pyriforme  and  P.fJamentosum  on  Pintw 
ponderosa  have  been  observed  by  the  senior  writer  in  CJolorado  and 
Wyoming  and  noted  by  Spaidding  (11,  p.  28,  34)  in  the  case  of  Peri- 
dermium  strohi 'On  white  pines  in  the  northeastern  United  States. 

EFFECT  OF  THE  UREDINIAL  AND  TEUAL  FORMS  ON  COMANDRA  PLANTS. 

The  eflfect  of  the  uredinial  and  teUal  forms  of  the  fungus,  OroTMrtium 
pyriforme,  on  Comandra  plants  can  not  be  separated  into  two  distinct 
sets  of  symptoms,  since  the  two  forms  are  produced  on  the  same 
area  of  tissue,  the  one  following  the  other  in  a  few  days.  Both  the 
uredinia  or  the  telia  may  occur  on  either  surface  of  the  leaves,  as 
well  as  on  the  younger  portions  of  the  steins,  and  occasionally  on  the 
floral  parts.^  In  badly  infected  plants  there  is  a  decided  shortening 
of  both  the  stems  and  the  leaves  in  their  growth,  so  much  so  as  to 
change  the  entire  aspect  of  the  plants.  This  is  usually  accompanied 
by  a  slight  chlorosis  of  the  leaves.  Where  the  infection  is  slight,  the 
diseased  spots  on  the  leaves  are  usually  a  lighter  green  color  than  the 
uninfected  portions.  Late  in  the  growing  season  the  reverse  colora- 
tion sometimes  takes  place,  and  die  chlorophyll  is  retained  longest 
in  light-green  areas  in  the  leaves  where  the  mycelium  of  the  fungus 
is  found,  even  after  the  remainder  of  the  leaf  has  become  yellow  from 
fall  coloration. 

In  badly  infected  Comandra  plants  defoliation  takes  place  prema- 
turely; that  is,  before  drought,  frost,  or  cold  weather  bring  it  about. 
No  data  have  been  obtained  as  to  the  final  effect  of  the  rust  on 
Comandra  plants.  The  effect,  however,  is  decidedly  stimting,  and 
plants  infected  badly  for  several  seasons  would  undoubtedly  be  killed. 

ERADICATION  AND  CONTROL  OF  THE  FUNGUS. 

One  of  the  most  serious  facts  in  connection  with  the  prevalence  of 
Peridermium  pyriforme  in  some  portions  of  the  western  United  States 
is  the  danger  of  introducing  it  into  localities  now  free  from  it  through 
the  shipment  of  trees  in  the  work  of  artificial  reforestation.  For  thb 
purpose  nursery  stock  is  often  shipped  long  distances.  The  forest 
nursery  if  situated  in  mountain  regions  is  apt  to  be  in  a  locality  where 
Comandra  plants  are  common.  Since  these  serve  as  host  plants  for 
both  the  uredinial  and  tehal  forms  of  the  fungus,  their  presence  may 
lead  directly  to  the  infection  of  the  young  pines  in  the  nursery  and 
indirectly  to  the  infection  of  localities  hitherto  free  from  the  disease. 

1  In  Comandra  pallida  this  is  the  case.    In  Comandra  ujnbeUata  the  uredinia  and  telia  are  found  unifonnly 
on  the  under  surfooe  of  the  leaves. 
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If  it  were  possible  to  distinguish  all  of  the  diseased  trees  at  the  time 
of  plaating,  it  would  be  an  easy  matter  to  discard  them  and  thus 
prevent  the  further  spread  of  the  disease.  Such,  however,  is  not  the 
case,  since  the  disease  may  not  become  evident  imtil  three  or  four 
years  after  the  young  trees  are  infected  and  until  after  they  are  planted 
in  the  forest.  This  being  the  case,  other  means  for  the  control  of  the 
disease  must  be  adopted.  The  most  feasible  plan  to  prevent  further 
infection  in  the  nursery  and  the  subsequent  dissemination  of  the 
disease  through  infected  nursery  stock  appears  to  be  the  elimination 
of  all  Comandra  plants  in  the  vicinity  of  the  nursery. 

In  order  to  protect  the  nursery  from  infection  whenever  the  dis- 
ease is  present  in  adjacent  forests,  all  diseased  pines  that  can  be 
found  within  a  radius  of  at  least  half  a  mile  from  the  nursery  should 
be  cut  down.  These  can  be  selected  most  easily  by  a  person  familiar 
with  the  fungus,  at  the  time  the  aecia  mature  in  the  pines.  As  pre- 
viously stated,  this  period  varies  from  the  middle  of  May  till  in 
August,  depending  upon  both  the  latitude  and  the  altitude  of  the 
locality.  This  cutting-out  process  should  be  repeated  each  year  until 
no  more  diseased  trees  can  be  found  in  the  proposed  neutral  zone. 

The  elimination  of  aU  diseased  pines  will  not  suffice,  however, 
absolutely  to  control  the  disease  in  the  nursery  when  Comandra  plants 
are  in  the  vicinity,  since  it  is  quit^  certain  that  the  fungus  can  spread 
by  the  urediniospores  from  one  Comandra  pl^it  to  another  for  long 
distances  in  one  season.  By  this  means  the  disease  could  be  carried 
from  diseased  pines  outside  of  the  neutral  zone  or  belt  of  removal  to 
the  young  pines  in  the  nursery.  To  protect  the  nursery  against  infec- 
ti9n  from  this  fungus  aU  Comandra  plants  within  1,000  feet  of  the 
outer  boundaries  of  the  nursery  should  be  removed  by  digging  them 
out. 

Comandra  plants  are  herbaceous  perennials  and  spread  primarily 
by  means  of  seeds  and  secondarily  by  means  of  imdergroimd  runners. 
TTie  secondary  method  is  the  more  common.  The  seeds,  being 
edible,  are  much  liked  by  birds  and  rodents,  and  it  is  possible  that 
they  may  be  carried  by  these  animals  to  a  considerable  distance  from 
the  original  place  of  growth,  thus  starting  new  plant  colonies.  The 
eradication  of  Comandra  plant  colonies  will  be  difficult,  owing  to  the 
numerous  imderground  runners,  any  of  which  are  liable  to  be  broken 
off  and  left  in  the  ground  to  start  new  plants.  It  will  no  doubt  be 
necessary  to  dig  up  the  plants -repeatedly  before  they  can  be  com- 
pletely eradicated.  All  species  of  Comandra  are  parasitic  and  derive 
part  of  their  food  supply  from  other  plants  by  a  direct  attachment 
of  the  smaller  side  roots  of  Comandra  to  the  roots  of  the  host  plants. 
It  is  not  yet  known  how  many  species  of  plants  are  thus  parasitized, 
but  several  widely  different  species  are  attacked.    Species  of  Vac- 
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cinium  arc  commonly  partisitized.  This  subject  is  now  being  in- 
vostigated  by  the  ^v^itors. 

The  recommendations  here  given  are  based  on  observations  made 
in  forests  by  the  senior  ^vriter  and  not  on  actual  experiments.  An 
attempt  to  control  this  disease  as  recommended  here  has  been 
j)hiimed  and  will  probably  be  carried  out  in  1915.  Until  it  is  certam 
that  the  neighborhood  of  a  nursery  is  free  from  this  fungus,  ship- 
ment of  stock  to  uninfected  forests  should  be  avoided. 

The  spraying  of  pines  with  Bordeaux  mixture  or  other  fimgicides 
for  the  prevention  of  infection  by  Cronartium  pyriforme  can  not  be 
recommended  until  it  is  known  that  this  method  is  effectual  in  con- 
trolling the  disease. 

The  spraying  of  Comandra  plants  with  a  poisonous  substance  to 
kill  the  foliage  and  tender  shoots  at  the  time  they  might  be  infected 
from  the  »cial  form  of  the  fungus  on  pines  should  prevent  the  imme- 
diate spread  of  the  disease  to  the  pines  in  adjacent  nurseries.  This 
spraying  shoidd  be  done  as  soon  as  the  leaves  of  the  Comandra  plants 
are  fully  developed  and  before  the  plants  bloom.  This  would  prob- 
al)ly  be  from  the  latter  part  of  May  to  the  middle  of  July,  depending 
on  the  altitude  and  the  latitude  of  the  locality.  Should  the  Coman- 
dra plants  send  forth  new  growth  later  in  the  season  it  might  be 
necessary  to  spray  a  second  time.  Spraying  should  be  repeated  each 
year  as  long  as  any  Comandra  plants  remain  alive.  Where  young 
pines  are  present,  this  method  coidd  not  be  used  without  killing  them, 
and  the  uprooting  of  the  Comandra  plants  is  recommended  for  such 
areas. 

Mr.  n.  R.  Cox,  Agriculturist  of  the  Office  of  Farm  Management, 
Bureau  of  Plant  Industry,  has  prepared  a  circular  letter  giving  direc- 
tions for  the  use  of  plant  poisons  in  killing  vegetation.  This  circular 
follows,  more  complete  directions  being  obtainable  from  the  oflSce 
mentioned  upon  request: 

For  several  years  this  office  hius  been  making  tests  of  various  chemical  plant  poiBona 
for  killing  all  vej^etatlon  in  such  situations  as  driveways,  pathways,  tennis  courts, 
railroad  rights  of  way,  and  similar  places.  It  appears  that  of  the  substancee  there  are 
three  tliat  are  better  than  any  of  the  rest,  namely,  arsenite  of  soda,  common  salt,  and 
some  form  of  petroleum.  The  best  one  of  these  for  each  case  will  depend  upon  condi- 
tions. It  seems  to  be  more  economical  usually  to  make  a  number  of  comparatively 
liglit  applications  for  the  purpose  primarily  of  killing  the  foliage  rather  than  one  heavy 
one  to  affect  the  roots  as  well  as  the  tops. 

In  the  ciuse  of  most  kinds  of  vegetation  excepting  the  graaBee,  and  especially  for 
vegetation  of  a  broad-leafed  character,  arsenite  of  soda  is  highly  effective.  The  com- 
mercial grade  may  be  obtained  at  about  25  cents  per  pound  from  some  of  the  wholesale 
chemists.  If  large  areas  are  to  be  treated,  it  can  be  made  at  home  more  cheaply  by 
boiling  1  pound  of  white  arsenic  and  2  pounds  of  sal  soda  in  a  gallon  of  water  untfl 
a  stock  solution  is  formed.  From  10  to  20  pounds  of  the  commercial  anenite  of 
soda  or  from  7  to  14  pounds  of  the  white  arsenic  in  the  home-mixed  formula,  either  one 
diluted  to  make  from  50  to  100  gallons  of  solution,  is  sufficient  to  kill  most  of  the  foliage 
on  1  acre. 
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Common  salt  may  be  applied  dry,  provided  it  is  fine  grained  and  is  scattered  very 
uniformly.  Salt  may  be  applied  more  uniformly,  however,  if  it  is  made  into  a  satu- 
rated solution  (1  pound  to  IJ  quarts  of  water).  The  latter  is  usually  the  most  satis- 
factory form.  It  should  be  used  at  the  rate  of  from  3  to  5  tons  per  acre,  depending 
upon  the  character  and  rankness  of  the  vegetation. 

Of  the  petroleum  products,  fuel  oil  is  about  the  most  satisfactory,  although  this  is 
sometimes  difficult  to  obtain,  and  then  only  in  barrel  or  tank-car  lots.  Near  the  oil 
fields,  crude  oil  as  it  comes  from  the  well  can  be  obtained  cheaply  and  is  quite  satis- 
factory. The  petroleum  products  should  be  applied  at  the  rate  of  from  300  to  400 
gallons  per  acre.  If  small  areas  are  to  be  treated,  so  that  the  matter  of  expanse  is  of 
little  consideration,  kerosene  may  be  used.  The  petroleum  products  seem  to  be  the 
meet  effective  of  all  when  applied  to  narrow-leafed  vegetation,  such  as  grass;  salt 
seems  to  be  the  next  in  effectiveness  on  such  plats,  and  arsenic  third. 

A  spraying  outfit  is  best  for  applying  liquid  material,  excepting  the  salt  brine,  with 
which  a  sprinkling  can  or  sprinkler  will  do  faster  work.  The  petroleum  products  are 
very  hard  on  the  rubber  parts  of  spraying  outfits,  but  it  is  necessary  to  use  a  sprayer 
in  tiiat  connection  on  account  of  economy  of  application;  with  very  small  areas  where 
economy  is  not  to  be  considered  the  oils  can  be  applied  through  a  sprinkling  can. 

In  the  forest  under  our  present  conditions  and  market  values  it 
is  not  best  to  advise  methods  of  elimination  so  expensive  as  have 
been  given  for  the  protection  of  nurseries.  In  badly  infected  areas 
of  young  forest  trees,  all  diseased  trees  should  be  cut  out  whenever 
possible.  This  often  caja  be  done  by  the  forest  officer  without  very 
great  expense,  owing  to  the  small  size  of  the  trees.  In  lumbering, 
trees  diseased  with  catfaces  or  cankers  should  not  be  left  for  seed 
trees,  as  their  vitaUty  has  been  lowered  and  they  will  not  produce 
as  good  a  crop  of  seed  as  more  healthy  trees,  and  it  is  also  highly 
probable  that  the  viabiUty  of  the  seed  produced  by  such  trees  is 
lower  than  that  produced  by  more  healthy  trees.  Again,  trees  with 
such  cankers  are  often  capable  of  producing  sBciospores  aroimd  the 
border  of  the  cankers  and  if  allowed  to  remain  for  seed  trees  would 
become  centers  of  infection  for  the  younger  generations  of  trees  in 
the  new  forest. 
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INTRODUCTION. 

Fleas  have  forced  themselves  on  man's  attention  for  many  cen- 
turies. All  are  familiar  with  these  elusive  little  pests,  knowing  well 
their  brownish  color,  peculiar  flattened  shape,  apparent  ability  to 
sense  the  approach  of  danger,  and  the  proverbial  ease  with  which 
tKey  escape.  Their  propensities  for  annoying  man  by  inflicting  bites 
in  rapidly  changing  situations  and  for  persistently  worrying  dogs  and 
cats  are  well  known. 

However,  it  is  not  only  in  the  role  of  annoyers  of  man  or  beast 
that  fleas  assume  importance,  for  within  the  last  decade  the  world  has 
come  to  know  fleas  in  their  most  important  relationship  to  the  welfare 
of  mankind — ^that  of  transmitters  of  disease,  and  particularly  of  the 
dread  disease  known  as  plague.  Aside  from  plague,  which  levies  a 
death  toll  well  into  the  hundreds  of  thousands  yearly,  attention  is 
directed  to  fleas  as  important  insects  on  account  of  their  probable 

NOTB. — ^The  actiylties  of  fleas  as  carriers  of  bubonic  plague  and  other  diseases,  as 
parasites  upon  poultry,  and  as  pests  to  man  and  other  animals  are  presented  In  tills 
bulletin.  Descriptions,  life  history,  breeding  places,  hosts,  and  methods  of  eradication  and 
control  are  gfven. 
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connection  with  the  disease  of  warm  climates  known  as  infantile 
kala-azar.  There  is  also  reason  to  believe  that  fleas  play  some  part 
in  transmitting  leprosy.  It  has  been  foimd  that  the  tapeworm  of 
the  dog,  which  has  been  known  to  attack  man,  is  dependent  upon 
some  insect  in  which  to  develop  one  of  its  stages,  and  the  dog  flea 
often  serves  in  this  capacity.  Another  interesting  role  which  a 
certain  species  of  flea  has  been  found  to  fill,  though  of  no  known 
direct  importance  to  man,  is  the  transmission  of  a  blood  parasite  of 
the  rat  known  scientifically  as  Trypanosoma  lewisi.  One  kind  of 
flea  which  is  becoming  widely  distributed  in  the  Tropics  has  the 
peculiar  habit  of  burrowing  into  the  flesh  of  man,  especially  around 
the  toes.  This  species  causes  severe  sores  and  often  permanent 
crippling.  In  the  United  States,  aside  from  their  connection  with 
plague  transmission,  we  are  concerned  most  with  insects  of  this  group 
as  annoyers  of  man  and  animals.  In  the  latter  case  the  pests  often 
become  so  numerous  as  to  cause  more  or  less  loss.  This  is  particularly 
true  of  the  chicken  flea,  or  "  sticktight,"  which  will  be  discussed  in  the 
following  pages. 

Fleas,  as  is  generally  known,  are  true  insects.  They  have  been 
thought  by  many  entomologists  to  be  closely  related  to  the  Diptera, 
or  two-winged  flies,  but  now  they  are  usually  considered  to  constitute 
a  separate  order  of  insects.  Their  peculiar  shape,^  flattened  from  side 
to  side,  and  armature  of  spines  and  bristles  are  closely  correlated  with 
their  parasitic  habits,  enabling  them  to  move  rapidly  between  the 
hairs  or  feathers  of  their  hosts. 

HOSTS  OF  FLEAS. 

Fleas  in  the  adult  stage  may  be  said  to  be  parasitic  exclusively  on 
warm-blooded  animals.  A  single  exception  has  been  recorded — that 
of  one  flea  which  was  found  attached  to  a  land  snake  in  Australia. 

A  great  many  species  of  birds  and  most  mammals  have  been  found 
to  be  infested  by  these  parasites.  The  group  of  animals  of  which  the 
horse,  ox,  and  sheep  are  representative  are  probably  least  subject  to 
attack.  It  is  not  the  purpose  to  convey  the  idea  that  there  are  as 
many  kinds  of  fleas  as  there  are  birds  and  animals.  In  fact,  the  num- 
ber of  distinct  species  of  fleas  now  known  is  probably  not  greatly  in 
excess  of  400.  In  general,  there  are  certain  birds  or  animals,  spoken 
of  as  hosts,  upon  which  these  insects  prefer  to  feed. 

Some  species  of  fleas  appear  to  have  much  more  restricted  host  re- 
lationships than  others;  that  is,  they  are  found  on  comparatively 
fewer  animals.    In  other  instances  fleas  may  not  be  found  uncom- 

^  Some  knowledge  of  the  structure  of  a  few  of  our  common  kinds  of  fleas  may  be  derlTed 
from  an  examination  of  the  Illustrations  in  the  following  pages,  which,  with  the  exception 
of  figure  1,  were  drawn  by  Mr.  Harry  B.  Bradford. 
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monly  on  certain  hosts,  but  they  are  not  at  home  on  these  and  would 
probably  not  live  long  or  reproduce  if  made  to  feed,  on  them  ex- 
clusively. This  class  of  hosts  usually  becomes  infested  by  being 
closely  associated  with  the  true  host  of  the  fleas,  as,  for  instance,  in 
case  of  a  rat  entering  a  squirrel  burrow  or  a  carnivorous  animal  de- 
vouring a  flea-infested  rodent  and  thus  getting  the  insects  upon  its 
body.  Such  hosts  are  usually  spoken  of  as  accidental  or  temporary. 
While  infestations  of  this  kind  are  seldom  of  importance  to  the  host 
animal  from  the  standpoint  of  direct  injury,  they  may  liave  a  vital 
influence  by  transmitting  disease  and  may  also  have  an  important 
bearing  on  control.  As  a  result  of  this  habit  of  fleas  of  clinging  to, 
or  temporarily  feeding  on,  hosts  which  are  not  necessarily  congenial, 
long  lists  of  species  of  fleas  accredited  to  a  single  kind  of  animal  or 
bird  are  often  foimd.  For  instance,  more  than  20  species  of  fleas 
have  been  taken  on  common  wharf  rats. 

BITING  HABITS. 

The  sensation  produced  by  the  biting  of  a  flea  is  well  known  to 
most  persons.  The  annoyance,  however,  is  partly  produced  by  the 
movements  of  the  insect  and  by  the  mental  unrest  caused  by  the 
knowledge  that  fleas  are  present  beneath  the  clothing.  The  effect  of 
flea  bites  on  man  is  discussed  further  on  page  16.  With  very  rare 
exceptions,  adult  fleas  partake  of  no  food  other  than  the  blood  of 
warm-blooded  animals,  and  it  appears  that  reproduction  never  takes 
place  imtil  the  fleas  have  partaken  of  such  blood. 

The  mouth  parts  are  well  adapted  to  piercing  the  skins  of  their 
hosts  and  sucking  up  the  blood.  The  essential  piercing  organ  con- 
sists of  three  slender  parts.  A  groove  along  the  inner  sides  of  two 
of  these,  the  mandibles,  with  the  closely  applied  third,  forms  a  chan- 
nel through  which  the  salivary  fluid  is  forced  into  the  woimd  and 
through  which  the  blood  is  pumped  into  the  body.  An  idea  of  the 
structure  of  the  mouth  parts  may  be  gained  by  referring  to  figure  1, 
e  and  g. 

Most  species  are  easily  disturbed  when  feeding,  and  this  accounts, 
in  part  at  least,  for  the  frequency  with  which  a  single  flea  may  bite. 

With  the  exception  of  the  "  sticktight "  flea  and  certain  of  its  rela- 
tives, fleas  do  not  remain  attached  to  their  hosts  for  long  periods.  The 
amount  of  time  spent  off  the  hosts  seems  to  vary  much  with  the  spe- 
cies. Normally  the  adults  feed  every  day  and  possibly  oftener,  but  in 
the  case  of  interrupted  meals,  as  has  been  mentioned,  they  may  bite  a 
great  many  times  during  a  day,  and  some  species,  such  as  the  cat  and 
dog  fleas,  probably  remain  on  the  host  almost  continuously,  feeding 
at  very  frequent  intervals.    A  great  many  fleas  are  nocturnal    These 
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depend  largely  on  finding  a  host  at  night,  and  they  tend  to  keep 
secluded  during  the  day. 

In  the  case  of  inoculation  of  an  animal  with  plague  bacilli  by  a 
flea  it  has  been  observed  that  there  is  a  relationship  between  the 
point  of  flea  attack  and  the  formation  of  the  sweelings,  or  buboes. 
In  this  connectioiT  it  is  interesting  to  note  that  certain  species  show 
a  marked  tendency  to  infest  certain  portions  of  the  host  animal. 

LIFE  HISTORY. 

The  fleas  pass  through  four  distinct  stages  of  development,  viz, 
the  egg.  the  larva,  the  pupa  or  resting  stage,  and  the  adult.     All  of 


r^^>'^^f^K 


Fio.  1. — The  dog  flea  (Ctrnovcphulus  canin)  :  a,  Egg;  h,  larva  In  cocoon:  c,  pupa;  d, 
adult:  (',  mouth  parts  of  Hame  from  side;  /,  antenna;  g,  labium  from  below,  b,  c,  d. 
Much  enlarged;  a,  c,  /,  a,  more  enlarged.     (From  Howard.) 

the  different  kinds  of  fleas  reseiiible  one  another  rather  closely  in  these 
different  stages. 

THE  EGG. 

The  eggs  are  ovoid  in  shape  and  white  or  creamy  in  color,  some 
strongly  reminding  one  of  miniature  china  eggs.  Although  rather 
small,  they  are  readily  seen  with  the  naked  eye,  especially  if  placed  on 
a  dark  piece  of  cloth  or  paper.  (Fig.  1,  a.)  They  are  formed  after 
the  female  has  been  feeding  on  a  host  for  a  few  days  and  are  usually 
deposited  while  the  flea  is  on  the  host,  but  are  not  glued  to  the 
hairs  or  feathers,  as  is  the  case  with  lice  and  some  other  insects.  The 
human  flea  probably  deposits  most  of  its  eggs  while  free  from  the 
host.    The  ^gs  usually  fall  from  the  animals  in  their  nests;  hence 
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there  is  a  tendency  for  the  young  and,  of  course,  the  resulting  adults 
to  concentrate  in  the  vicinity  of  the  sleeping  places  and  most  fre- 
quented haunts  of  the  host.  This  serves  the  fleas  in  three  ways:  (1) 
By  giving  them  the  protection  of  the  bed  of  the  animal  in  which  to 
develop ;  (2)  by  furnishing  food  to  the  yoimg  in  the  form  of  partly 
digested  blood  excreted  by  the  adults  while  on  the  host;  (3)  by  keep- 
ing these  parasites  concentrated  where  they  can  easily  secure  access  to 
the  host  when  they  become  m^tture.  This  habit  is  also  important 
when  we  attempt  to  control  the  fleas  and  is  referred  to  again  under 
that  topic  (pp.  25-28). 

The  number  of  eggs  deposited  by  a  single  female  and  the  rate  of 
deposition  imdoubtedly  vary  largely  with  the  species,  the  abund- 
ance of  food,  and  climatic  conditions.  Prof.  Bacot,  of  the  Lister 
Institute,  London,  in  his  extensive  studies  of  fleas  has  conducted  a 
number  of  experiments  bearing  on  this  point.  The  number  of  eggs 
deposited  daily  is  small,  but  deposition  may  continue  for  many 
weeks.  Bacot  records  448  eggs  as  the  greatest  number  observed  by 
him  to  have  been  deposited  by  a  single  female  of  the  human  flea.  In 
some  of  these  experiments  he  found  that  the  female  would  continue 
to  deposit  eggs  for  a  period  of  over  three  months. 

THE  LABVA. 

Within  from  2  to  12  days,  depending  on  temperature  and  moisture 
conditions,  the  eggs  hatch  into  minute,  whitish,  legless,  and  eyeless 
niaggots.  These  are  not  parasitic,  but  move  about  actively  in  the  dust 
and  debris  in  or  near  the  nest  of  the  host.  Under  favorable  condi- 
tions the  growth  of  the  larvae  is  rather  rapid.  Flea  larv»  usually 
molt  twice.  The  larvae  of  the  dog  flea  may  molt  three  times,  accord- 
ing to  observations  made  by  Mr.  Theodore  Pergande,  of  the  Bureau 
of  Entomology.  The  first  molt  takes  place  in  from  2  to  7  days  after 
hatching,  the  second  from  2  to  6  days  later,  and  the  third  about  6  days 
after  the  second.  The  shortest  larval  period  observed  in  these  experi- 
ments was  7  days.  In  England  Mr.  Bacot  foimd  that  the  larval 
period  in  the  dog  flea  ranged  from  11  to  142  days ;  in  the  human  flea, 
from  9  to  102  days;  in  the  European  rat  flea,  from  15  to  114  days;  and 
in  the  Indian  rat  flea,  from  12  to  84  days.  Food,  humidity,  and  tem- 
I>erature  are  all  important  factors  in  influencing  the  rapidity  of  de- 
velopment. The  larvae,  or  maggots,  are  slender,  and  each  joint  is  pro- 
vided with  a  number  of  hairs  or  bristles  which  assist  it  in  crawling. 
The  head  differs  slightly  in  appearance  from  the  other  segments  and 
bears  some  of  the  usual  head  appendages  with  which  most  insects 
are  supplied.  These  include  short,  stout  antennae,  or  feelers,  and  a 
pair  of  mandibles  fitted  for  biting.  The  top  of  the  abdomen  is  pro- 
vided with  two  fleshy  fimgers  which  aid  the  larva  in  its  movements, 
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and  a  comb  of  fine  hairs.  When  full  grown  the  maggots  are  usually 
less  than  one-fifth  of  an  inch  in  length.  The  larva  of  a  common 
species  is  illustrated  in  figure  3  (p.  14). 

The  food  of  the  larvae  appears  to  vary  somewhat  with  the  species, 
since  some  seem  to  thrive  on  a  considerable  variety  of  foods,  while 
others  are  more  restricted  in  their  diet.  In  nearly  all  species  it 
seems  certain  that  the  partially  digested  blood  voided  by  the  adult 
flea  in  feeding  constitutes  an  important  part  of  the  diet  of  larvae, 
especially  when  newly  hatched.  The  remainder  of  the  food  consists 
of  particles  of  organic  matter,  either  of  animal  or  vegetable  origin, 
which  are  found  in  the  cracks  of  floors,  in  the  nests  of  the  host,  or 
even  mingled  with  the  sand  near  the  habitations  of  the  host 

THE  COCOON  AND  PUPA. 

When  the  larvae  have  attained  full  size  they  spin  cocoons  of  more 
or  less  oval  shape  (fig.  1,  &/  fig.  4).  These  vary  from  almost  white 
to  brownish,  but  owing  to  the  particles  of  sand  and  dust  usually  at- 
tached the  color  is  often  dark.  The  insect  in  this  stage  thus  is 
rendered  inconspicuous.  In  structure  the  cocoons  range  from  rather 
light,  flimsy  silken  coverings  to  very  thick  tough  or  even  thick  brittle 
encasements.  Within  the  cocoon  the  larva  molts  its  skin  and  enters 
the  pupal,  or  resting,  stage  (fig.  1,  (?),  which  somewhat  resembles  the 
adult  insect.  At  first  the  pupa  is  very  pale  in  color,  but  it  grad- 
ually darkens  as  the  time  for  the  appearance  of  the  adult  approaches. 
The  length  of  time  spent  in  the  cocoon  varies  with  climatic  condi- 
tions. At  Washington,  D.  C,  Mr.  Pergande  foimd  that  the  dog  flea 
would  emerge  as  an  adult  within  from  7  to  9  days  after  spinning  the 
cocoon.  In  his  experiments  in  England  Mr.  Bacot  found  the  period 
from  spinning  of  cocoons  to  the  emergence  of  adults  to  range  as  fol- 
lows: European  rat  flea,  from  8  days  to  over  a  year;  human  flea, 
from  7  to  239  days;  dog  flea,  from  7  to  354  days;  and  Indian  rat  flea, 
from  7  to  182  days. 

In  these  experiments  Mr.  Bacot  found  that  the  period  within  the 
cocoon  varied  markedly  with  the  temperature.  This  was  particularly 
true  with  the  Indian  rat  flea,  which  had  its  cocoon  stage  greatly 
lengthened  when  the  daily  mean  temperature  fell  below  66°  F.  These 
long  resting  periods  were  generally  not  produced  in  the  case  of  the 
human  flea  until  the  mean  temperature  fell  to  50°  F.,  and  to  40°  or  45° 
F.  with  the  European  rat  flea.  The  work  of  this  investigator  sug- 
gests that  the  winter  is  passed  in  this  stage,  and  that  fleas  may  thus 
tide  over  dry  hot  periods.  It  is  certain  that  the  cocoon  offers  much 
protection  from  adverse  weather  conditions.  The  larva  may  remain, 
quiescent  for  long  periods  within  the  cocoon  before  actually  pupating, 
and  another  resting  period  may  occur  within  the  cocoon  after  the 
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insect  has  become  adult.  Observations  made  in  India  and  in  our 
own  coimtry  in  the  vicinity  of  San  Francisco  show  that  there  is  no 
complete  cessation  of  activities  in  the  winter.  This  is  also  true  as 
observed  in  several  species  by  Mr.  A.  H.  Jennings,  of  the  Bureau  of 
Entomology,  while  in  Panama,  and  the  author  has  observed  con- 
siderable numbers  of  fleas  on  hosts  in  the  Southern  States  in  mid- 
winter. These  included  the  dog  flea  and  the  chicken  flea,  or  "  stick- 
tight,"  as  it  is  colloquially  known. 

UFE  CYCLE. 

The  total  period  from  the  deposition  of  the  egg  to  the  emergence 
of  the  adult,  in  tests  with  the  dog  flea  conducted  during  the  summer 
time  at  Washington,  ranged  from  17  to  35  days.  The  length  of  the 
different  stages  and  total  life  cycle  of  some  of  the  common  species  of 
fleas  may  be  shown  best  by  presenting  a  table  compiled  by  Mitzmain 
from  the  works  of  various  authors,  and  amplified  to  include  recently 
published  results. 

Table  I. — L^e  cycle  of  fleas  in  different  countries. 


Country  and  species  of  flea. 


Length  of 
egg  stage. 


Length  of 
larval 
stage. 


Length  of 
coooon 
stage. 


Length  of 

complete 

cycle. 


United  States: 
Atlantio  coast— 

Dog  flea  ( ex.  cai»i«) 

Padflo  coast- 
Human  flea  (P.  irritaru)  .^ 

European  rat  flea  ( C.  fatimtui) 

Indian  rat  flea  (X.  eheopU) 

QroozKi  squirrel  flea  (  C.  actUtu) 

__jmanflea 

Dog  flea. 

European  rat  flea 

Indian  rat  flea 

BiidHeA  (C.gaUinae) 

iia: 

Indian  rat  flea 

Australia: 

Human  flea 


I 


Dap9. 
2to  4 

7to  9 
6to  6 
9  to  13 
7to  8 

4  to  12 
8  to  14 

5  to  14 
10  or  less 

7  or  less 


Datfs. 
8to  34 

28  to  32 

4to  7 

32  to  34 

26to  28 

8  to  100 
12  to  142 
12  to  114 
14  to  84 
13to   flO 


Days. 
5to     7 

30  to  34 

24  to  26 

25  to  30 
24  to  27 

6to220 
10  to  354 
3to450 
9  to  191 
Oto70+ 

7  to    14 


Wuks. 
2to     4 

9  to  11 
7to  8 
9  to  11 
8to  9 
Dapt. 

19  to  264 
35  to  366 

20  to  467 
31  to  266 
26  to  127 

21  to  22 
Weeks. 

4to  6 


LENGTH  OF  UFE  OF  THE  ADULT. 

Food  is  the  most  important  single  factor  in  longevity  of  the  flea. 
Comparatively  cool,  humid  weather  greatly  lengthens  life.  Mod- 
erately warm,  moist  weather  is  more  favorable  than  cool  weather  for 
egg  laying,  but  shortens  the  total  life  period.  Hot,  dry  weather  soon 
proves  fatal  to  the  adult.  In  connection  with  this  subject  reference 
is  made  to  the  work  of  Mr.  Bacot  in  England,  as  he  has  conducted  the 
most  complete  set  of  experiments  yet  published  to  determine  adult 
longevity.  When  the  temperature  registered  from  45  to  50°  F.  and 
the  air  was  nearly  saturated  with  moisture,  this  investigator  found 
that  specimens  of  the  human  flea  lived  for  125  days,  the  European  rat 
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flea  95  days  and  the  dog  flea  58  days,  the  Indian  rat  flea  38  days,  and 
a  species  of  bird  or  chicken  flea  {Ceratophyllus  gaUinae)  127  days. 
These  records  were  made  with  individuals  which  received  no  food 
whatever.  When  kept  in  a  box  and  fed  at  frequent  intervals,  he  found 
the  human  flea  to  live  for  more  than  513  days.  The  European  rat  flea 
lived  106  days,  the  dog  flea  234  days,  the  Indian  rat  flea  fed  on  man 
100  days,  and  the  above-mentioned  chicken  flea  345  days. 

In  Texas  the  author  has  observed  the  "  sticktight,"  or  chicken 
flea,  to  live  for  several  weeks  attached  to  a  host,  but  the  greatest 
possible  longevity  has  not  been  determined. 

In  experiments  conducted  in  California  Mitzmain  had  specimens 
of  the  European  rat  flea  alive  for  160  days  when  fed  frequently,  the 
Indian  rat  flea  for  49  days,  and  the  common  ground-squirrel  flea 
{Ceratophyllxis  acutus)  more  than  64  days. 

In  India  and  California  the  longevity  with  imfed  fleas  was  found 
to  be  much  shorter  than  is  indicated  by  the  records  made  in  England. 
Usually  the  maximum  longevity  of  unfed  rat  fleas  in  these  warmer 
climates  is  but  a  few  days. 

Experiments  made  by  Mr.  C.  Strickland  in  England,  and  some  con- 
ducted by  the  author  in  Texas,  indicate  that  the  presence  of  rubbish, 
dust,  or  sand,  in  which  the  adults  may  secrete  themselves,  is  an  im- 
portant factor  in  increasing  longevity  of  unfed  fleas.  This  is  espe- 
cially true  during  hot,  dry  weather. 

BREEDING  PLACES. 

In  addition  to  having  suitable  hosts  upon  whifth  the  adult  fleas  may 
feed  and  thus  produce  eggs,  it  is  essential  that  the  eggs,  the  maggots 
which  hatch  from  them,  and  the  pupae  which  finally  again  produce 
adidts  have  favorable  conditions  for  development.  In  houses  these 
conditions  are  usually  found  in  the  cracks  of  the  floors  or  under  mat- 
ting or  carpets.  Rat  fleas  often  breed  in  numbers  in  granaries,  bams, 
warehouses,  and  basements,  particularly  when  these  are  not  in  con- 
stant use  or  when  gunnysacks  and  rubbish  are  allowed  to  accumulate 
in  such  places.  The  immature  stages  of  "sticktight"  fleas  breed 
mainly  in  buildings,  such  as  chicken  houses,  bams,  and  sheds  which 
are  inhabited  by  the  principal  hosts. 

Dirt  floors  in  chicken  houses  or  sheds  seem  to  be  more  favorable 
than  wooden  floors  for  flea  development.  The  young  fleas  may  be 
found  amongst  the  partially  dried  excrement,  straw,  feathers,  and 
other  waste  in  such  situations.  Fleas  have  been  found  also  to  repro- 
duce in  great  numbers  under  comcribs  and  buildings  where  dogSi^leep 
or  chickens  go  during  the  heat  of  the  day.  Here  the  maggots  are  inr 
termingled  with  and  feed  upon  the  animal  and  vegetable  matter 
which  has  accumulated  on  the  soil. 
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Occasionally  fljBas,  particularly  the  human  flea  and  dog  flea,  may 
breed  out  of  doors.  Mr.  D.  L.  Van  Dine  has  recorded  an  instance  in 
Hawaii  where  a  lawn  was  infested  with  the  dog  flea,  and  instances  are 
known  in  the  United  States  of  this  flea  and  the  human  flea  breeding 
in  protected  situations,  as  under  shrubbery  or  in  the  shade  of  build- 
ings in  sand  which  contains  a  considerable  amount  of  animal  or  vege- 
table matter. 

In  nearly  all  cases  the  breeding  places  are  very  closely  associated 
with  the  haunts  or  resting  places  of  the  host.  Instances  where  adult 
fleas  get  upon  man  well  away  from  such  haunts  must  usually  be  con- 
sidered as  being  the  result  of  the  adult  fleas  having  become  detached 
from  a  host  rather  than  by  the  fleas  having  been  reared  in  such 
situations. 

FACTORS  INFLUENCING  FLEA  ABUNDANCE. 

Everyone  familiar  with  the  flea  knows  that  there  is  marked  sea- 
sonal variation  in  abimdance  arid  often  distinct  variation  from  year 
to  year.  As  has  been  stated,  fleas  continue  to  breed  throughout  the 
year  in  California  and  in  parts  of  our  Southern  States.  This  is  even 
more  marked  in  India,  Panama,  and  other  tropical  coimtries.  The 
human  flea  and  dog  flea  are  seldom  found  to  worry  man  during  the 
winter  months.  This  is  explained  by  a  falling  off  in  the  rapidity  of 
breeding,  the  comparative  inactivity  of  the  adult  fleas,  and,  as  Mr. 
Mitzmain  has  shown,  the  tendency  for  the  himian  flea  to  remain 
largely  on  the  lower  animals  during  winter.  Throughout  the  United 
States  the  fleas  which  attack  man  are  most  prevalent  during  the 
summer  months.  In  India  there  is  a  marked  decrease  in  numbers 
with  the  oncoming  of  the  hot,  dry  season.  This  was  particularly 
noticeable  in  the  case  of  the  European  rat  flea,  which,  according  to 
observations  of  the  Indian  Plague  Commission,  began  to  disappear 
early  in  April,  and  from  May  15  to  the  beginning  of  November  not 
a  single  specimen  was  seen. 

The  variation  from  year  to  year  is  no  doubt  principally  due  to 
weather  conditions.  Dr.  Howard  states  that  he  believes  the  years 
of  greatest  flea  abundance  are  those  in  which  the  smnmer  rainfall  is 
above  normal.  No  doubt  humii_summers,  even  though  the  rainfall 
were  not  abundant,  would  produce  the  same  results.  These  statements 
are  borne  out  by  the  effects  of  dry  conditions  on  the  various  stages  of 
fleas  as  observed  by  several  investigators. 

Although  fleas  of  one  kind  or  another  are  to  be  found  all  over  the 
United  States,  there  are  certain  regions  where  one  or  more  species 
are  especially  abundant.  In  general,  in  those  portions  of  the  coun- 
try where  mild  winters  and  comparatively  humid  sxmimer  atmos- 
pheric conditions  are  the  rule  fleas  are  foimd  most  prevalent.  The 
amount  of  rainfall  is  also  a  factor  in  this  regional  abundance.    While 
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extreme  drought  is  detrimental  to  reproduction  of  fleas,  excessive 
rainfall  also  has  a  restraining  influence.  These  conditions  influenc- 
ing flea  abundance  are  dependent  to  some  extent  on  the  character  of 
the  soil  and  the  presence  of  hosts  and  breeding  places.  Sandy  soil 
IS  bi'st  fitted  for  flea  breeding,  as  drainage  is  facilitated  and  the 
surface  is  not  so  apt  to  become  dried  out  as  on  many  other  soils.  In 
other  words,  it  provides  more  uniform  moisture  conditions.  It  is 
also  probable  that  sandy  soil  is  of  some  benefit  to  the  flea  by  offering 
more  protection  to  the  adult  insect. 

The  local  abundance  of  fleas  is,  of  course,  dependent  upon  factors 
mentioned  in  the  preceding  paragraphs,  but  in  addition  the  abun- 
dance of  hosts,  their  relationship  to  one  another,  and  the  presence  of 
breeding  places  are  of  much  importance.  The  abimdance  of  rats  in 
seaports  is  often  responsible  for  a  large  flea  population,  and  the 
continued  destruction  of  the  rodents  often  correspondingly  reduces 
the  number  of  fleas.  As  has  been  explained,  fleas  often  feed  on 
several  different  animals,  and  when  these  animals  associate  they  each 
contribute  to  the  breeding  of  fleas.  An  example  of  this  occurs  in 
the  instance  of  the  chicken  flea,  or  "  sticktight."  This  flea  feeds  in 
great  numbers  on  dogs  and  cats,  and  when  these  animals  sleep  in 
and  around  chicken  yards  they  and  their  beds  are  often  the  source 
of  great  numbers  of  fleas  which  attack  the  poultry.  Another  in- 
stance of  the  effect  of  the  association  of  hosts  and  presence  of 
breeding  places  for  fleas  may  be  given.  Often  imtold  numbers  of  fleas 
may  ccmtinually  infest  houses  and  annoy  the  inhabitants  as  a  result 
of  hogs,  dogs,  or  other  animals  being  allowed  to  go  beneath  the 
house  to  make  their  heds. 

THE  JUMPING  OF  FLEAS  AND  OTHER  MEANS  OF  SPREAD. 

The  question  of  the  distance  a  flea  can  jump,  especially  in  a  vertical 
direction,  is  important  in  considering  isolation  of  man  or  animals 
from  them.  The  jumping  powers  of  fleas  are  exaggerated  in  the 
minds  of  most  people.  The  human  flea  is  probably  the  strongest 
jumper.  Mitzmain,  working  in  California,  found  the  maximum 
horizontal  distance  this  species  could  jump  was  13  inches.  He  found 
a  few  specimens  could  jump  to  a  height  of  TJ  inches.  Five  inches  has 
been  recorded  as  the  maximum  horizontal  jump  of  the  Indian  rat 
flea  by  the  Indian  Plague  Commission,  and  in  experiments  conducted 
by  Mitzmain  3J  inches  was  the  greatest  height  to  which  this  species 
could  jump.  In  other  tests  investigators  found  that  the  European 
rat  flea  and  common  ground-squirrel  flea  {CeratophyUus  acutus) 
could  jump  slightly  less  than  3^  inches  in  a  vertical  direction.  Ob- 
servations of  the  writer  on  the  sticktight  flea  indicate  that  its  jump- 
ing power  is  almost  nil.    The  legs  of  this  species  are  comparativdy 
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small,  not  being  developed  for  jumping  like  those  of  the  hmnan  flea 
and  other  species. 

Nearly  all  fleas  have  more  or  less  difficulty  in  crawling  on  smooth 
surfaces  or  on  clothing,  yet  in  time  they  are  capable  of  making  con- 
siderable progress  on  clothing,  either  in  a  vertical  or  a  horizontal 
direction. 

The  movements  of  the  fleas  themselves  are  of  little  direct  impor- 
tance in  spreading  the  species.  Their  jumping  powers,  however,  aid 
them  in  finding  hosts  and  securing  attachment  thereto,  and  upon  the 
hosts,  whether  normal  or  temporary,  they  may  be  carried  considerable 
distances.  The  species  are  further  disseminated  by  the  scattering  of 
eggs  as  an  infested  host  goes  from  one  place  to  another  and  by  the 
dislodgment  of  the  females  from  the  host.  Since  the  fleas  leave  a 
dead  animal,  in  this  way  adults  are  scattered,  and  in  some  instances 
they  may  be  infected  with  the  disease  from  which  the  host  died. 
The  greatest  spread  of  fleas  is  no  doubt  brought  about  through  the 
transportation  of  infested  animals  from  one  place  to  another  through 
the  agency  of  man.  In  this  way  rat  fleas  may  be  carried  between 
ports  in  all  quarters  of  the  globe  on  rat-infested  ships.  Chicken 
fleas  and  dog  and  cat  fleas  may  also  be  shipped  long  distances  on 
infested  hosts.  It  is  also  possible  to  spread  fleas  in  merchandise, 
either  in  the  adult  or  immature  stages.  Consideration  of  these  points 
is  of  much  importance  in  preventing  the  spread  of  plague  from  one 
locality  to  others. 

FLEAS  AS  CARRIERS  OF  DISEASE. 

BUBONIC  PLAGUE. 

Although  the  dread  disease  of  man  known  as  bubonic  plague  has 
occurred  in  the  United  States,  the  most  important  outbreak  being  in 
San  Francisco  during  the  last  few  years,  fortunately  it  was  restricted 
closely  to  the  portions  of  the  country  where  it  was  introduced. 

The  earliest  records  of  the  disease  connect  the  outbreaks  in  the 
human  family  with  death  among  rats.  At  the  present  time  the  dis- 
ease is  considered  to  be  essentially  a  disease  of  rats.  Man  and  other 
animals  become  infected  through  the  agency  of  fleas  as  a  result  of 
these  epizootics  among  rats. 

The  malady  has  a  history  dating  far  back  in  Biblical  times.  Prob- 
ably the  worst  outbreak  known  began  in  the  eleventh  century  and 
culminated  in  the  fourteenth.  During  this  period  practically  the 
entire  Eastern  Hemisphere  was  swept,  and  the  number  of  deaths  due 
to  the  "  black  death,"  as  it  was  known  in  parts  of  Europe,  was  appall- 
ing. Within  the  last  18  years  this  malady  has  caused  the  death  of 
over  7,000,000  in  various  parts  of  the  world.  During  the  last  decade 
the  disease  has  broken  out  in  various  parts  of  Africa,  Europe,  Aus- 
tralia, Japan,  South  America,  West  Indies,  and  in  the  United  States. 
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As  a  result  of  international  regulations,  including  quarantines,  and 
owing  to  the  work  of  the  Public  Health  Service,  the  disease  has 
not  assumed  serious  proportions  in  this  country.  Although  the  mal- 
ady has  persisted  for  some  time  among  rats  and  ground  squirrels 
in  and  near  San  Francisco,  very  few  human  cases  have  developed, 
and  the  malady  has  been  entirely  stamped  out  in  that  vicinity.  The 
occurrence  of  plague  in  New  Orleans  during  1914  caused  some  excite- 
ment, but  by  prompt  action  by  the  State  and  Federal  authorities  the 
outbreak  has  been  limited  to  that  city  and  the  number  of  human  cases 
has  been  small.  In  India,  China,  and  a  number  of  other  countries  the 
disease  is  still  present  in  epidemic  form,  despite  the  work  of  the 
Indian  Plague  Commission  and  other  organizations  for  the  further- 
ance of  control  work.  Marked  progress  is  being  made,  however,  and 
the  ultimate  stamping  out  of  the  pestilence  may  be  expected. 

As  has  been  stated,  the  flea  is  the  medium  by  which  the  disease 
is  spread  from  rats  and  ground  squirrels  to  man.  These  insects  also 
act  as  carriers  from  rat  to  rat.  That  the  flea  is  responsible  for  the 
transmission  of  plague  has  been  determined  within  the  last  two 
decades  as  a  result  of  studies  conducted  by  a  number  of  investiga- 
tors in  various  parts  of  the  world.  The  importance  of  an  accurate 
knowledge  of  these  insects  in  this  connection  is  apparent  to  all.  It 
has  been  determined  by  the  Plague  Commission  of  India  and  other 
investigators  that  several  species  of  fleas  may  serve  as  vectors  of 
plague.  Those  which  are  commonly  found  on  rats  and  ground  squir- 
rels and  which  may  carry  plague  under  certain  conditions  include 
the  following  species : 

The  Indian  rat  flea  {Xenopsylla  cheopis  Roth.). 

The  European  rat  flea  {('eratophyllvs  fascidtua  Bosc.). 

The  human  flea  {Pulex  irritans  L.). 

The  European  mouse  flea  {Leptopsylla  museidi  Dug^). 

The  dog  flea  (CtenocepJialvs  cards  Curtis). 

The  squirrel  fleas  {Hoplopsyllus  cmomalxis  Baker  and  Ceratophyl- 
lu8  acutus  Baker). 

The  cat  flea  {Ctenocephalus  felis  Bouch6). 

The  rat  fleas  Ceratophyllus  anisus  Roth,  and  PygiopsyUa  ahalae 
Roth. 

The  former  of  the  last  two  mentioned  occurs  in  the  East  Indies, 
where  it  has  been  shown  to  be  capable  of  carrying  plague,  and  the 
latter  takes  the  place  of  the  European  rat  flea  in  China  and  Japan. 
All  of  these  species,  with  the  exception  of  the  last  two  named,  are 
found  in  the  United  States. 

The  very  severe  outbreak  of  plague  in  Manchuria  a  few  years 
ago  is  thought  by  many  to  have  started  among  trappers  of  the 
"  tarbagan,"  or  groundhog,  as  a  result  of  having  been  bitten  by  the 
flea,  Ceratophyllics  silantiewi  Wagner,  which  is  abimdant  on  this 
animal. 
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The  Indian  rat  flea  has  been  found  to  be  by  far  the  most  im- 
portant in  plague  transmission  in  India,  and  this  species  is  now 
widely  distributed  throughout  the  Tropics  and  in  seaports  which 
have  direct  trade  with  the  Orient  At  the  present  time  this  species 
is  abundant  in  parts  of  the  seaport  cities  on  the  Pacific  and  Gulf 
coasts  of  the  United  States.  Away  from  the  water  front  its  place 
as  a  rat  parasite  is  largely  taken  by  the  European  rat  flea  {C.  fasci- 
atus  Bosc,)  and  the  mouse  flea  {LeptopsyUa  muscvli  Dug&s).    The 


F*io.  2. — ^The  Boropeaa  rat  flea  (Ceratophyllu»  faaoiatus)  :  Adult  female.    Greatly  enlarged. 

(Original.) 

human  flea  is  common  in  many  parts  of  the  country,  and  the  squirrel 
fleas  mentioned  are  abundant  on  ground  squirrels  {Citellus  heecheyi) 
in  the  western  part  of  the  United  States.  All  of  these  fleas  have 
been  found  to  bite  man  and  will  feed  on  rats.  The  adult  European 
rat  flea  is  illustrated  in  figure  2,  the  larva  of  this  species  in  figure 
3,  and  the  cocoon  in  figure  4. 

As  has  been  stated,  plague  always  occurs  among  the  rodent  popula- 
tion before  any  number  of  cases  develop  in  man.  The  rats  in  a 
plague- free  community  usually  receive  their  initial  infection  from  a 
diseased  rat  which  has  been  imported  from  some  plague  center.    This, 
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Kuropcnn   rut   Ilea  :   Larva. 
(()ri;:iiial.) 


Greatly  enlarged. 


together  with  the  favorable  conditions  as  regards  rats  and  fleas  in 
seaports,  accounts  for  the  fact  that  the  disease  usually  first  breaks  out 
in  such  places.     The  pestilence,  when  once  introduced,  is  carried 
rapidly  from  rat  to  rat  by  the  fleas.    This  spread  is  increased  by  the 
fact  that  most  of  the  fleas  leave  the  rats  as  they  die  and  pass  to  others. 
It  is  these  fleas,  set  free  by  the  death  of  their  plague-stricken  hosts, 
which  form  the  chief  menace  to  man. 
The  method  by  which  fleas  convey  plague  germs  has  received  con- 
siderable attention, 
and    various   theo- 
ries have  been  ad- 
vanced   from    time 
to  time  in  an  effort 
to  explain  the  mech- 
anism of  transmis- 
sion.     It     appears 
that    tlie    two    most    important    methods    are    by    contamination 
of    tlie    skin  of    man  or  other    host    by  excrement  voided   by  the 
infected  fleas  while  feeding  and  the  subsequent  rubbing  or  scratch- 
ing in  of  the  germ-laden  material  and  by  the  injection  of  the 
disease  organism  into  the  wound  made  by  the  flea  at  the  time  of 
feeding.     Researches  made  by  Mr.  A.  W.  Bacot,  of  the  Lister  Insti- 
tute, have  proven  this  last  method  to  be  an  important  one.    He 
showed  that  the  entrance  to  the  stomach  of  some  of  the  fleas  becomes 
plugged  by  a  growth  of  the  plague  germs.     This  ultimately  prevents 
the  passage  of  food  backward  into 
the  stomach,  but  does  not  prevent 
the  flea   from   sucking  up   small 
quantities  of  blood, some  of  which 
is    forced    back    into   the    wound 
after    becoming    laden  with    the 
disease  organism. 

Close  trade  communication  be- 
tween the  nations  of  the  world 
gives  increased  channels  for  the 
dissemination  of  various  pests  and 
diseases  as  well  as  opportunities  for  the  furtherance  of  knowledge  and 
the  exchange  of  trade  commodities.  The  colonization  of  new  lands 
in  the  Tropics,  the  opening  of  a  great  artery  of  trade  intimately 
connecting  many  of  our  ports  with  the  commerce  of  the  world,  the 
immigration  brought  about  by  the  present  European  strife — these, 
when  considered  together  with  the  fact  that  plague  is  now  present 
in  many  quarters  of  the  globe,  should  impress  all  with  the  importance 
of  exercising  great  care  to  exclude  the  disease  from  our  shores. 
Knowing  that  this  pestilence  spreads  among  people  only  as  a  result 


Fio.  4. — The  European  rat  flea :  Cocoon. 
Greatly  enlarged.  Note  the  particles 
of  sawdust  and  dirt  adhering  to  the 
surface.     (Original.) 
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of  the  dissemination  of  the  disease  among  rodents  by  fleas,  the  im- 
portance of  rodent  destruction  and  of  flea  control,  which  go  hand 
in  hand,  needs  no  further  emphasis.  It  is  not  sufficient  for  the 
farmer,  merchant,  and  others  concerned  to  depend  upon  the  quaran- 
tine authorities  to  keep  plague  from  being  introduced.  They  must 
aid  the  quarantine  officers  by  waging  war  on  the  rats  and  groimd 
squirrels  and  by  preventing  flea  breeding. 

Turning  from  the  rat  as  a  sanitary  menace,  ample  argument  is 
found  for  its  destruction  on  account  of  its  importance  as  a  destroyer 
of  various  agricultural  and  food  products.  It  has  been  conserva- 
tively estimated  that  there  are  in  the  United  States  at  least  as  many 
rats  as  people.  It  has  also  been  computed  that  the  annual  upkeep 
of  each  animal  amounts  to  between  $1  and  $2.  From  these  figures 
it  is  seen  that  the  annual  loss  due  to  these  rodents  must  be  upward 
of  $100,000,000. 

The  control  of  rats  is  difficult  but  not  impossible,  the  principal 
methods  being  trapping,  poisoning,  destruction  by  natural  enemies, 
and,  probably  most  important  of  all,  rat  proofing.  The  question  of 
the  relation  of  rats  to  man  has  been  treated  in  publications  of  the 
Public  Health  Service  and  of  the  Bureau  of  Biological  Survey.^ 

This  work  of  rodent  destruction,  clearing  up  of  breeding  places, 
and  rat  proofing  of  buildings  has  an  important  beneficial  influence 
on  flea  conditions.  Some  of  the  hosts  of  the  fleas  are  removed  and 
the  breeding  places  of  the  insect  destroyed  to  some  extent.  How- 
ever, these  practices  can  not  be  depended  upon  to  control  all  of  the 
species  of  fleas  important  as  pests. 

KALA-AZAR. 

One  form  of  another  important  group  of  diseases  of  the  Tropics, 
known  as  kala-azar,  an  infectious  fever,  is  considered  by  some  au- 
thorities to  be  carried  by  the  dog  flea  and  human  flea.  The  par- 
ticular form  of  the  malady  in  question  occurs  in  the  Mediterranean 
region.  On  these  shores  dogs  and  children  are  attacked  by  a  similar 
disease.  Investigators  have  produced  strong  evidence  that  the  dis- 
ease is  identical  in  the  two  hosts  and  that  fleas  are  responsible  for 
its  transference  from  the  one  to  the  other.* 

.     1  Lants,  D.  B.    How  to  destroy  rate.    U.  S.  Dept.  Agr.,  Farmers'  Bui.  369,  20  p.,  5  fig., 
1909. 

>  Fleas  and  dogs. — In  Europe  with  regard  to  infantile  kala-azar,  the  dog  has  been  found 
to  harbor  Leishmania,  and  a  fairly  presumptive  case  has  been  made  out  as  to  the  part  this 
animal  plays  as  an  intermediary  host,  the  dog  flea  being  the  actual  transmitter.  Donovan 
believes,  however,  that  the  evidence  adduced  so  far  is  not  in  all  respects  convincing.  The 
occurrence  of  a  natural  flagellate  of  the  flea  has  evidently  not  been  taken  into  sufllcient 
account.  (Donovan,  Lieut.  Col.  C.  Kala-azar,  its  distribution  and  probable  modes  of 
infection.     In  Jour.  Trop.  Med.  London,  v.  16,  no.  16,  p.  253-255,  1913.) 
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LBPBOST  AND  OTHER  DISEASES. 

Leprosy  is  another  serious  malady  with  which,  according  to  some 
investigators,  fleas  may  be  connected.  This  relationship  has  not  been 
established,  but  it  is  well  for  us  to  consider  all  such  possibilities. 
The  part  fleas  play  in  the  life  economy  of  certain  tapeworms  has 
been  mentioned,  as  has  also  their  connection  with  certain  rat-infesting 
organisms.  Various  other  low  forms  of  animal  life,  many  of  which 
are  no  doubt  parasites  of  the  flea  itself,  have  been  found  in  the  organs 
of  that  insect  in  different  stages  of  its  life. 

FLEAS  AS  PARASITES  OF  MAN  AND  ANIMALS. 

As  has  been  shown,  a  considerable  number  of  the  conmion  fleas  of 
this  country  may  be  concerned  in  the  transmission  of  certain  dis- 
eases if  these  are  once  introduced.  Several  species  are,  however,  of 
much  importance  to  man  aside  from  their  possible  connection  with 
disease.  It  is  with  the  fleas  which  annoy  man  or  attack  poultry  or 
dogs  that  the  people  in  general  are  most  concerned. 

The  effect  of  the  bites  of  fleas  varies  much  with  the  individual 
attacked  and  also  with  the  identity  of  the  flea  concerned.  The  direct 
effect  of  these  bites,  aside  from  disease  transmission,  has  received 
little  attention.  Usually  in  man  pronounced  red,  itching  papules, 
in  some  cases  with  whitish  centers,  occur  at  the  site  of  the  puncture. 
Some  more  susceptible  individuals  show  marked  irritation,  swelling, 
and  even  ulceration  following  attack.  The  papules  may  persist  for 
several  days,  but  usually  disappear  within  a  few  hours.  The  irrita- 
tion is  probably  induced  largely  by  the  injection  of  the  salivary  secre- 
tion into  the  wound.  This  injection  causes  a  rush  of  blood  to  the 
spot,  which  facilitates  the  feeding  of  the  insect  and  in  turn  causes 
irritation  in  the  host.  The  question  of  acquiring  immimity  to  an- 
noyance by  fleas  is  an  interesting  one.  Many  cases  have  been  re- 
ported wherein  individuals  have  enjoyed  marked  immunity  to  the 
effect  of  fleabites  and  comparative  freedom  from  annoyance  after 
being  exposed  to  the  fleas  of  California.  The  species  concerned  in 
these  instances  was  without  doubt  the  human  flea.  Others  report  a 
similar  diminution  in  the  annoyance  caused  by  the  dog  flea.  A  brief 
discussion  follows  of  the  more  important  species  from  the  stand- 
point of  annoyance  to  man  and  domestic  animals. 

THE  HUMAN  FLEA. 

The  species  of  flea  known  scientifically  as  Pulex  irritans  L.  has  long 
been  considered  the  human  flea.  It  is  to  be  foimd  in  practically 
every  portion  of  the  earth  frequented  by  man.  It  is  quite  distind; 
from  other  fleas  in  structure  (figs.  5  and  6),  and  is  largely  dependent 
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upon  man  as  a  host,  although  in  Europe  it  seems  to  thrive  on  the 
badger,  while  in  the  United  States  it  is  commonly  taken  on  the 
skunk.  It  has  also  been  taken  on  hogs,  rats,  and  various  other  ani- 
mals, but  these  are  usually  but  temporary  hosts  and  insufBcient  to 
maintain  the  species. 

On  the  Pacific  coast  the  species  is  responsible  for  practically  all 
annoyance  to  man  due  to  this  group  of  parasites.  It  has  been  found 
to  be  the  one  concerned  in  nearly  all  cases  of  house  infestation  in 
that  section.    In  the  Southern  and  Eastern  States,  as  will  be  pointed 


Fio.   6. — The   human   flea    (PtUew  irritans)  :  Adult   female.     Greatly   enlarged. 

(Original.) 

out  later,  the  dog  flea  is  more  important  as  a  pest  to  man  than  the 
human  flea.  Our  main  interest  in  the  himian  flea  is  on  account  of  its 
annoyance  to  man,  as  it  is  not  as  yet  known  to  play  any  part  in  dis- 
ease dissemination  in  this  country.  Nevertheless,  the  possibility  of 
its  being  an  occasional  carrier  of  plague  and  also  that  it  may  trans- 
mit the  infectious  fever  kala-azar  of  the  Mediterranean  region  should 
not  be  lost  to  sight. 

Cfnriously  enough,  the  human  flea  appears  to  have  adapted  itself 
to  the  varied  conditions  under  which  man  lives.  It  breeds  freely  in 
all  situations  occupied  by  man,  and  in  the  immature  stages  is  one  of 
the  most  hardy  species  known  to  science.    The  biology  of  this  species, 
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as  compared  with  others,  has  been  briefly  outlined  in  the  preceding 
pages,  and  control  measures,  applicable  to  this  and  most  other  species, 
are  discussed  in  the  following  pages. 

THE  DOG  FLEA. 

The  dog  is  undoubtedly  the  normal  host  for  the  flea  which  is 
known  scientifically  as  Ctenocephalua  cams  Curtis  (fig.  1) ;  neverthe- 
less the  insect  is  not  averse  to  partaking  of  a  meal  of  blood  from  man 
or  a  cat,  especially  when  its  normal  host  is  not  at  haifd.    Like  the 


FiQ.  6. — The  human  flea  :  Adult  male.  Greatly  enlarged.  Note  the  difference  in  the 
shape  of  the  abdomen  of  the  male  as  compared  with  the  female  (fig.  5).  (Origi- 
nal.) 

human  flea,  this  species  has  a  wide  distribution  throughout  the  world ; 
in  fact,  it  is  generally  considered  the  most  widely  distributed  species 
of  flea. 

As  an  annoyer  of  man  the  dog  flea  ranks  next  to  the  human  flea. 
In  the  eastern  United  States,  as  has  been  pointed  out  by  Dr.  Howard, 
instead  of  the  human  flea  this  is  the  species  usually  reported  as  infest- 
ing houses.  In  some  instances  reported  to  the  Bureau  of  Entomology 
houses  have  been  rendered  almost  uninhabitable  by  this  aggressive 
insect.  The  most  severe  infestations,  as  reported  by  Dr.  Howard, 
have  occurred  in  cases  where  dwellings  have  been  closed  up  during 
summer,  and  when  opened  upon  returning  the  occupants  were  greeted 
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by  hundreds  of  fleas.  Rainy  summers  are  most  favorable  for  such 
development,  supplying  enough  dampness  to  the  dust,  which  is  left 
undisturbed  in  the  cracks,  successfully  to  mature  the  eggs  and  fleas 
which  are  present.  The  original  stock  of  fleas  must,  of  course,  be 
derived  from  pet  dogs  or  cats  which  occupied  the  house  before  it  was 
vacated,  or,  as  often  happens,  dogs  may  take  up  their  abode  imder  or 
around  the  house  in  the  absence  of  the  occupants.  Thus  great  num- 
bers of  eggs  are  dropped,  and  breeding  proceeds  undisturbed.  It 
shoidd  be  noted  that  the  stray  dogs  and  cats  which  are  likely  to  find 
homes  in  unoccupied  buildings  are  often  heavily  infested  with  fleas, 
usually  much  more  so  than  animals  with  a  home  and  having  more  or 
less  attention  paid  to  them. 

In  this  country  the  dog  flea  is  not  known  to  be  responsible  for  the 
transmission  of  any  disease,  but  it  holds  a  position  of  distinct  im- 
portance as  a  household  pest.  Its  importance  as  an  enemy  of  the 
dog  and  cat  is  not  small.  Breeders  of  fine  cats  and  dogs  often  have 
considerable  trouble  in  ridding  their  stock  of  fleas,  and  hunting  and 
other  dogs,  particularly  in  the  South,  are  kept  in  poor  condition  as 
a  result  of  gross  infestation.  The  fact  that  one  stage  of  a  tapeworm 
which  commonly  infests  dogs  and  occasionally  children  in  this  coun- 
try lives  within  the  dog  flea  still  further  increases  the  importance 
of  this  parasite. 

THE  STICKTIGHT  FLEA.^ 

One  need  but  visit  a  few  poultry  farms  or  inquire  of  almost  any 
farmer  with  his  little  flock  of  chickens  for  home  use  in  the  southern 
and  southwestern  portions  of  the  United  States  to  get  some  idea  of 
the  importance  of  the  so-called  "sticktight  flea"  {Echidnophaga 
gdHindcea  Westw.).  Other  colloquial  names  which  are  applied  to 
the  insect  are  "third-party  flea,"  "chicken  flea,"  or  "bl^^ck  flea." 
The  naiiie  chicken  flea  is  applied  because  of  the  frequency  with  which 
chickens  are  infested.  Black  flea  is  a  name  applied  less  frequently  and 
is  given  on  account  of  the  very  dark  color  of  the  adult  fleas.  The  name 
"  sticktight "  is  used  most  generally  in  the  South,  and  it  is  aptly  ap- 
plied. The  species  differs  markedly  in  feeding  habits  from  most  of 
our  common  species.  It  seldom  hops  about,  biting  here  and  there,  as 
in  the  case  of  the  dog  and  human  fleas,  but  when  a  suitable  host  is 
found  it  settles  down,  deeply  inserting  the  mouth  parts,  and  remains 

^  In  a  publication  Just  issued  (Herrick,  Glenn  W.  Some  external  .parasites  of  poultry 
with  special  reference  to  Mallophaga,  with  directions  for  their  control.  Cornell  Univ. 
Agr.  Expt  Sta.  Bui.  359,  p.  230-268,  fig.  95-116,  Apr.,  1916.),  the  point  is  brought  out 
that  the  European  hen  flea,  Ceratophyllus  gallinae,  was  received  from  Abingrton,  Mass., 
and  Barker,  N.  Y.  In  each  of  these  cases  the  flea  was  collected  in  hen  houses,  and  the 
collectors  state  that  the  Insect  was  very  annoying,  especially  to  human  beings.  Prof. 
Herrick  calls  attention  to  the  fact  that  Mr.  C.  F.  Baker  reports  the  collection  of  a  single 
specimen  of  this  flea  at  Ames,  Iowa,  and  refers  to  a  note  by  Dr.  M.  Francis  to  the  effect 
that  the  species  occurred  at  Bryan,  Tex.  It  is  possible  that  in  time  this  insect  may 
become  a  pest  of  some  importance  to  poultry  in  the  United  States. 
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for  (Itiys  or  weeks.  Its  hold  on  the  host  is  difficult  to  loosen.  Another 
marked  tendency  is  for  the  adults  to  attach  to  hosts  in  dense  masses. 
A  chicken  is  frequently  seen  with  a  large  portion  of  her  head  closely 
set  with  these  fleas,  making  it  appear  almost  black.  These  dense 
masses  are  often  seen  on  the  ears  of  dogs  or  cats,  particularly  at  the 
very  edge  of  the  ear.  The  characteristic  appearance  of  an  infested 
chicken's  head  is  shown  in  figure  7. 

The  hosts  of  this  flea  are,  xmfortunately,  rather  numerous.  As 
has  been  stated,  chickens  are  conmionly  attacked,  and  it  is  on  this 
host  that  the  species  assumes  its  greatest  importance  as  a  pest.  In 
tlie  investigations  by  the  author  it  has  been  found  in  abundance  on 
dogs,  cats,  tame  rabbits,  ducks,  and  turkeys.  It  is  not  infrequently 
found  on  people  who  go  about  infested  poultry  yards,  and  children, 

crawling  beneath  houses  where 
infested  animals  go,  are  often 
bitten.  The  species  does  not  at- 
tack man  very  freely.  It  is  sel- 
dom foxmd  in  houses  except  on 
rare  occasions,  when  a  few  speci- 
mens may  be  brought  in  on  the 
clothing.  In  one  instance  in 
western  Texas  a  burrowing  owl 
was  killed  and  found  to  be  heav- 
ily infested  about  the  head  with 
this  flea.  In  another  instance 
in  the  same  region  a  wood  rat, 
or  pear  rat,  as  it  is  commonly 
known  there,  was  found  to  har- 
Ki.;.  7 —Head  of  rooster  infrstcd  with  the  bor  a  uumbcr  of  sticktight  fleas. 
BticktiRht  floa  (Kchidnophatfa  uaiiina-      Several  years  ago  Prof.  J.   C. 

cca).     Somewhat  reduced.     (Original.)  tt      ,      ii         0   ^^  1  c-i     j^ 

Hartsell,  of  Orangeburg,  S.  C, 
reported  to  the  Bureau  of  Entomology  instances  where  horses  were 
heavily  infested  with  these  fleas  on  the  lower  portions  of  the  legs. 
Others  have  recorded  it  from  cattle,  and  a  number  of  specimens  have 
been  taken  on  rats  and  other  hosts  in  different  parts  of  the  world. 

The  species  w  as  originally  described  from  India,  but  it  now  ap- 
pears to  be  widely  distributed  throughout  the  Tropics  and  the  warm 
temperate  regions.  In  the  United  States  it  is  seldom  seen  north  of 
the  Southern  and  Southwestern  States.  Reports  indicate  that  the 
species  is  spreading;  at  any  rate,  it  would  seem  that  the  South  is 
becoming  more  generally  and  completely  infested. 

No  disease  has  been  found  to  be  carried  by  the  sticktight  flea,  but 
its  importance  as  a  parasite  places  it  among  the  principal  insect 
enemies  of  poultry  in  the  South.  The  principal  direct  loss  is  due  to 
the  attack  of  the  fleas  on  young  poultry,  as  high  as  85  per  cent  of  young 
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chickens  hatched  having  been  reported  lost  on  account  of  the  fleas. 
In  many  cases  young  chickens,  turkeys,  and  ducks  have  a  combined 
infestation  ^f  sticktight  fleas  and  biting  lice,  and  each  contributes  to 
the  worriment  and  weakening  of  the  fowls.  A  few  cases  of  death 
observed  among  grown  chickens  apparently  have  been  due  to  fleas. 
In  these  instances  not  only  the  heads  and  necks  of  the  chickens  were 
largely  covered  but  numerous  patches  thickly  set  with  fleas  existed 
imder  the  wings  and  on  the  breast.  The  fowls  heavily  attacked  be- 
come droopy,  lose  appetite,  and  fall  off  in  weight.  Mild  infestations  on 
grown  fowls  cause  no  marked  injury,  but  no  doubt  egg  laying  is  influ- 
enced to  some  extent,  and  certainly  infested  fowls  are  unsightly. 

The  fleas  are  present  on  hosts  throughout  the  year,  but  they  are 
usually  more  nu- 
merous in  the  simi- 
mer  and  fall.  The 
species  appears  to 
thrive  best  in  ill- 
kept  chicken  houses, 
where  chickens  roost 
imder  buildings,  and 
where  dogs  and  cats 
have  their  beds 
closely  associated 
with  the  poultry. 
This  point  will  be 
discussed  further 
under  the  general 
topic  of  control.  The 
eggs  are  dropped  by 
the  females  while  at- 
tached   to    the    host         ^'®-  ^' — '^^^  sticktight  flea :  Adult  female.    Much  enlarged. 

These   fall   beneath  *°"^°"-^ 

the  roost,  hatch,  and  the  young  larvae  feed  on  the  excrement  of  the 

parent  fleas  and  on  other  animal  and  vegetable  refuse. 

The  species  is  one  of  the  smallest  fleas  in  this  country  and  very 
dark  brown  in  color.  The  body  is  comparatively  short  and  deep,  and 
the  legs  are  slender,  but  the  mouth  parts  are  large  and  strong.  The 
male  is  usually  slightly  smaller  than  the  female  (fig.  8),  almost 
black,  and  is  more  frequently  seen  moving  about  on  the  host  than  the 
female. 

THE  CmCOE  FLEA. 

The  flea  commonly  known  as  the  chigoe  or  "  jigger  "  {Dermatopkilus 
penetrans  L.)^  is  related  to  the  sticktight  flea,  but  has  different 

^  This  should  not  be  confused  with  the  "  chigger  '*  or  harvest  mite,  which  Is  the  larval 
form  of  Trombidlum. 
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habits.  Instead  of  remaining  attached  to  the  surface  of  the  host, 
the  female,  after  being  fertilized,  burrows  into  the  flesh  until  it 
may  become  completely  embedded.  When  it  first  reaches  a  host  it 
feeds  much  as  does  the  sticktight  flea,  the  burrowing  tendency  be- 
coming evident  only  when  the  eggs  are  developing.  A  number  of 
hosts  are  attacked,  particularly  the  hog.  Cats,  dogs,  cattle,  sheep, 
horses,  and  even  birds  are  attacked,  but  attention  has  been  directed 
to  the  species  largely  through  its  infestation  of  man.  Its  attack  is 
usually  confined  to  the  feet  of  the  host,  and  in  man  particularly  to 
the  toes.  The  females  may  enter  between  the  toes  or  under  the  toe- 
nails, and  severe  inflammation  often  follows,  with  the  formation  of 
ulcers,  frequently  resulting  in  permanent  crippling.  While  in  the 
host  the  eggs  develop  within  the  female  and  the  abdomen  becomes 
greatly  distended,  often  attaining  the  size  of  a  small  pea.  The  legs 
of  this  species  are  not  large,  and  when  this  distention  takes  place 
they,  as  well  as  the  head,  become  very  inconspicuous. 

The  eggs  are  deposited  while  the  flea  is  attached  and  may  drop 
from  the  wound  or  pass  out  with  the  detached  flea.  So  far  as  known 
the  rest  of  the  life  history  is  similar  to  that  of  other  species. 

The  chigoe  is  not  known  to  be  established  in  the  United  States, 
although  it  has  been  reported  on  a  few  occasions  from  Florida.  It  is  a 
troublesome  pest  in  the  West  Indies,  in  parts  of  Mexico,  and  in  much 
of  South  America.  It  is  native  to  the  American  Tropics,  but  about 
1872  it  was  introduced  into  western  Africa.  The  African  conditions 
were  favorable  for  the  pest,  and  it  soon  became  established  in  east 
Africa  and  Madagascar  and  spread  to  the  interior  of  the  continent. 
It  was  introduced  more  recently  into  India,  but  it  appears  to  have 
spread  very  slowly  there. 

Conditions  in  Florida  and  southern  Texas  would  seem  to  be  favor- 
able for  this  insect,  and  if  care  is  not  exercised  it  may  be  introduced 
and  become  established  in  this  country. 

NATURAL  CONTROL. 

As  has  been  stated,  hot,  dry  weather  is  detrimental  to  flea  develop- 
ment. Likewise  excessive  moisture  in  a  breeding  place  destroys  the 
immature  stages.  The  direct  rays  of  the  sun  in  summer  are  important 
in  reducing  the  length  of  life  of  the  adult  flea  and  destroying  the 
immature  stages.  It  is  possible  to  take  advantage  of  these  natural 
factors  to  a  considerable  extent  in  fighting  the  pest,  as  is  brought 
out  latef . 

Little  is  known  of  the  natural  enemies  of  fleas.  Certain  short- 
winged  beetles  termed  staphylinids  are  known  to  prey  upon  the  adult 
fleas,  and  certain  species  of  mites  have  commonly  been  found  upon 
them.    In  Texas  ants  have  been  observed  to  prey  upon  the  eggs  and 
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larvae.  No  doubt  a  number  of  insect  enemies  of  the  immature  stages 
exist,  but  they  are  probably  less  important  in  control  than  climatic 
factors.  Chickens  seem  to  be  capable  under  some  conditions  of  inter- 
fering with  the  development  of  the  immature  stages  of  fleas  by 
scratching  their  breeding  place  about,  and  no  doubt  they  eat  some  of 
the  fleas  in  their  various  stages. 

ARTIFICX4L  CONTROL. 

In  order  to  prevent  an  outbreak  of  fleas,  and  more  especially  to 
control  an  infestation  which  has  become  established  in  or  about  a 
house,  it  is  usually  necessary  and  always  advisable  to  combine  two 
or  more  of  the  measures  discussed  below  in  order  promptly  to  control 
the  situation. 

DESTRUCTION  OF  FLEAS  ON  HOSTS. 

In  nearly  all  cases  of  flea  infestation  by  either  the  human  flea  or 
the  dog  flea  in  houses  or  by  the  sticktight  flea  in  poultry  yards 
the  destruction  of  the  fleas  on  the  hosts  is  important.  Dogs  and  cats 
are  tjie  animals  of  particular  importance  in  this  connection,  since 
they  act  as  normal  hosts  for  the  flea  of  the  dog  and  cat,  which  often 
annoys  man;  they  sometimes  harbor  the  human  flea  and  are  fre- 
quently heavily  infested  with  the  sticktight  flea.  In  cases  of  house 
infestation,  while  it  is  imperative  that  the  breeding  places  be  treated, 
attention  should  be  given  to  dogs  and  cats.  In  fact,  the  destruction 
of  the  breeding  places  and  the  clearing  of  the  fleas  from  the  hosts 
should  be  undertaken  simultaneously,  as  each  is  essential  to  the  best 
success  of  the  other.  A  nimiber  of  different  methods  of  destroying 
the  insects  on  animals  have  been  tried,  and  each  has  its  advocates. 
The  writer  has  used  certain  creosote  derivations,  among  them  creolin, 
with  excellent  results.  There  are  several  preparations  similar  to 
creolin  which  would  probably  be  equally  effective.  It  is  best  to  make 
up  a  3  per  cent  solution  of  creolin,  or  one  of  the  similar  preparations, 
in.  warm  water  in  a  tub  and  place  the  animal  into  it;  then  with  a 
stiff  brush  to  work  the  solution  into  the  hair.  The  animal  should  be 
kept  in  the  solution  5  or  10  minutes,  particular  care  being  taken  thor- 
oughly to  wet  the  fleas  which  crowd  to  the  head  of  the  animal.  After 
the  host  has  been  thus  treated  the  creolin  water  may  be  drained  off 
and  the  animal  washed  with  warm  water  and  soap.  This  washing 
is  not  always  necessary  or  advisable  in  treating  dogs,  but  it  is  desir- 
able with  cats.  By  this  method  ihe  burning  of  the  most  delicate- 
skinned  animal  is  avoided.  Where  a  graduated  glass  measure  is  not 
at  hand,  a  3  per  cent  solution  of  the  wash  may  be  made  by  putting  in 
4  tablespoonf  uls  of  creolin  to  each  gallon  of  water. 
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-fVnother  treatment,  which  is  reported  by  Mr.  A.  A.  Girault,  of  the 
Bureau  of  Entomology,  to  be  effective  in  ridding  cats  of  fleas,  is 
naphthalene.  Moth  balls  were  finely  pulverized  and  the  powder 
worked  into  the  fur.  The  fleas  soon  began  coming  out  of  the  hair  and 
on  account  of  their  stupefied  condition  were  easily  caught  and  killed. 
The  treatment  slightly  sickened  the  cats  for  two  days,  but  had  no 
serious  effect.  Insect  powder,  sometimes  called  pyrethrum,  buhach,  or 
Dalmatian  insect  powder,  may  be  applied  to  the  fur  of  animals  in 
the  same  way.  It  is  not  harmful  to  the  host  and  causes  the  fleas  to 
come  out  of  the  fur  in  a  stupefied  condition,  when  they  may  be  col- 
lected on  a  newspaper  and  destroyed  by  burning.  It  is  important; 
that  fresh  unadulterated  pyrethrum  be  used  to  secure  satisfactory 
results.  The  destruction  of  the  chicken  flea  or  sticktight  on  poultry 
seems  to  be  rather  difficult.  Where  heavy  infestations  are  present 
the  careful  application  of  kerosene  and  lard — 1  part  kerosene  to  3 
parts  of  lard — ^to  the  masses  of  fleas  gives  fairly  good  results.  Care 
must  be  taken  not  to  apply  too  much  of  the  mixture  and  not  to  get 
it  on  the  parts  of  the  fowl  where  it  is  not  necessary,  as  it  will  prove 
injurious  if  used  too  freely. 

CONTROL  OF  HOSTS. 

One  of  the  common  practices  to  avoid  flea  infestation  of  houses  is 
to  keep  all  dogs  and  cats  out  of  doors.  This  is  often  not  desirable, 
and  it  also  gives  an  opportunity  for  the  infested  animals  to  start 
breeding  places  under  the  house  or  in  the  yard  or  bam,  hence  this 
practice  without  treating  the  animals  for  fleas  is  objectionable.  Not 
keeping  dogs  or  cats  will,  of  course,  largely  solve  the  dog-flea  prob- 
lem, but  this  is  not  always  feasible.  Moreover,  the  stray  animals 
must  also  be  considered  as  possibilities  in  house  infestation.  From 
the  standpoint  of  flea  control,  as  well  as  for  the  prevention  of  im- 
portant diseases,  the  strict  enforcement  of  dog-control  measures  and 
the  destruction  of  all  stray  cats  and  dogs  is  imperative.  Dwellings 
and  other  buildings  should  be  arranged  to  prevent  cats,  dogs,  hogs, 
chickens,  and  otlier  animals  from  going  beneath  them,  as  the  condi- 
tions imder  buildings  are  often  favorable  for  flea  breeding  and  these 
locations  are  exceedingly  difficult  to  Jieep.clean  or  treat  after  infesta- 
tion is  started.  Numeions  instances  have  come  under  observation 
where  such  conditions  were  responsible  for  infested  dwellings  and 
heavily  infested  animals. 

Along  this  same  line  is  the  question  of  separation  of  hosts.  It  is 
bad  policy  to  keep  all  kinds  of  animals  in  close  proximity  in  localities 
where  fleas  are  numerous.  Dogs  and  cats  sleieping  around  poultry 
pens  are  often  responsible  for  keeping  chickens  constantly  stocked 
with  sticktight  fleas.    Horses  kept  in  buildings  where  chickens  roost 
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or  in  bams  adjoining  chicken  coops  have  been  known  to  become  in- 
fested with  sticktight  fleas,  and  dogs  and  cats  readily  infest  one' an- 
other with  these  and  with  other  fleas.  Chickens  have  been  known  to 
become  infested  with  chicken  flea*  and  thus  establish  an  infestation 
in  uninfested  yards  when  allowed  to  run  at  large  and  come  in  contact 
iivith  infested  premises. 

The  question  of  rat  control  logically  should  be  discussed  under  this 
topic,  but  it  has  been  briefly  taken  up  under  "  Bubonic  plague." 
Ground-squirrel  destruction,  aside  from  its  direct  economic  impor- 
tance, should  also  be  considered  in  connection  with  the  relationship 
between  the  squirrel  fleas,  their  hosts,  and  the  transmission  of 
plague.  The  ground  squirrels  of  California  are  discussed  by  Dr.  C. 
Hart  Merriam  in  Circular  No.  76  of  the  Bureau  of  Biological  Sur- 
vey. Much  useful  information  on  the  control  of  the  California 
ground  squirrel  is  given,  and  this  is  for  the  most  part  applicable  to 
ground  squirrels  in  other  parts  of  the  country. 

DESTRUCTION  IN  BREEDING  PLACES. 

Attention  has  been  called  (pp.  8-9)  to  the  usual  breeding  places  of 
different  species  of  fleas.  It  is  evident  that  destruction  of  the  adult 
fleas  on  hosts  is  almost  a  hopeless  method  of  controlling  the  pest  if 
no  attention  is  paid  to  the  breeding  places  of  the  immature  stages. 
As  has  been  stated,  flea  eggs  may  produce  adult  fleas  from  two  weeks 
to  many  months  later.  Thus  the  hosts  will  continue  to  become  rein- 
f ested  as  fast  as  the  insects  upon  them  are  destroyed. 

The  first  step  in  making  war  on  the  breeding  places  is  to  determine 
where  the  fleas  are  coming  from.  Enough  has  been  said  in  the  dis- 
cussion of  life  history  and  breeding  habits  of  fleas  to  point  out  the 
places  to  be  considered.  In  other  than  house  infestations  all  un- 
necessary rubbish  and  dry  animal  or  vegetable  matter  should  be  piled 
up  and  burned.  In  the  case  of  infested  chicken  houses  or  sheds  the 
maniu'e  should  be  hauled  into  an  open  field  and  scattered  thinly 
over  the  ground.    When  thus  exposed  all  stages  are  soon  destroyed. 

Following'  this  preliminary  work,  which  is  essential  to  the  success 
of  the  subsequent  treatment,  the  ground,  outhouse  floors,  and  other 
places  where  the  breeding  is  supposed  to  occur  should~Be  sprayed 
with  kerosene,  or,  better  still,  crude  petroleum  should  be  sprinkled 
freely  about.  To  prevent  reinfestation  or  breeding  it  is  essential 
that  all  waste,  both  vegetable  and  animal  matter,  be  kept  scrupu- 
lously cleaned  up.  The  most  inexpensive  and  satisfactory  preven- 
tive tneasure  following  the  destruction  of  the  main  infestation  is  a 
liberal  use  of  salt  scattered  about  the  breeding  places  and  then 
thoroughly  wet  down.  In  many  instances  observed  in  Texas  the 
sticktight  flea  has  been  kept  out  of  poultry  runs  by  cleanliness 


Digiti 


zed  by  Google 


26  BULLETIN   248,   U.    S.   DEPARTMENT  OF   AGRICULTURE. 

and  semiweekly  wettings  with  water.  Along  the  coast  salt  water 
from  the  Gulf  is  used  extensively  for  this  purpose.  The  soil  must  be 
thoroughly  wet,  as  light  sprinklings  of  the  surface  will  not  suffice. 
The  watering  is  most  effective  when  done  in  the  evening,  as  drying 
does  not  proceed  so  rapidly  then  as  during  the  day.  Mr.  D.  L.  Van 
Dine,  in  treating  premises  infested  with  the  dog  flea  in  Hawaii, 
used  a  dressing  for  the  ground  under  the  houses  consisting  of  20 
pounds  of  air-slaked  lime,  3  pounds  of  sulphur,  and  1  pound  of 
buhach.  This  mixture  was  applied  after  the  ground  had  been 
thoroughly  cleared  of  all  refuse.  The  outbreak  was  completely  con- 
trolled in  these  cases,  but  it  is  difficult  to  say  just  what  part  the  above 
dressing  played,  as  the  destruction  of  the  adult  fleas  was  undertaken, 
as  well  as  other  measures. 

The  breeding  of  the  sticktight  flea  may  be  prevented  to  some 
extent  by  the  use  of  metal  chicken  houses,  as  is  advocated  for  the 
fowl  tick.*  These  galvanized-iron  houses  provide  less  protection  for 
fleas  than  do  frame  structures,  and  the  intense  heat  within  them  dur- 
ing the  daytime  practically  prohibits  flea  breeding.  The  dog  house 
should  be  cleaned  out  thoroughly  at  weekly  intervals,  and  if  any  flea 
breeding  starts  the  method  of  destroying  the  insects,  as  outlined  in 
the  preceding  paragraphs,  should  be  followed.  By  providing  a  few 
gunny  sacks  or  a  mat  for  infested  animals  to  sleep  upon,  it  is 
possible  to  concentrate  the  eggs  on  these.  The  eggs  may  be  de- 
stroyed then  by  shaking  the  cloths  over  a  fire  or  even  out  on  the 
bare  ground  in  a  place  exposed  to  the  sun.  This  should  be  done 
about  every  second  day  in  order  to  prevent  hatching. 

Attention  is  directed  to  house  infestations,  wbich^  by^-^e  way, 
are  often  supplemented  by  infestations  under  the  houses  or  in  other 
out-of-door  situations.  The  occurrence  of  fleas  in  dwellings  is 
often  connected  with  the  keeping  of  a  cat  or  dog  indoors.  If  this 
is  the  apparent  source  of  infestation,  the  animal  should  be  treated 
as  previously  described  and  kept  out  until  the  indoor  work  is 
completed. 

If  the  hosts  have  been  confined  largely  to  one  room,  this  is  the  one 
to  receive  most  careful  attention.  The  floor  covering  should  be 
removed,  aired,  and  beaten,  the  floor  thoroughly  swept,  and  all  of 
the  dust  obtained  should  be  burned,  as  it  contains  many  immature 
fleas.  It  is  best,  then,  to  scrub  the  floor  with  strong  soapsuds  or 
sprinkle  it  with  gasoline,  being  careful  to  avoid  having  fires  about. 
After  sprinkling  naphthalene  crystals  or  insect  powder  over  the  floor, 
return  the  floor  covering. 

Dr.  Henry  Skinner,  of  Philadelphia,  found  that  he  could  control 
fleas  completely  in  a  house  by  taking  one  room  at  a  time,  scattering 

a  Bishopp,  P.  C.  The  fowl  tick.  U.  S.  Dept  Agr.,  Bur.  Bnt.,  Cir.  170,  14  p,  5  figs., 
1013. 
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5  pounds  of  flake  naphthalene  over  the  floor,  and  closing  the  room 
tightly  for  24  hours.  This  remedy  was  found  inexpensive,  as  the 
naphthalene  could  be  swept  up  and  transferred  to  another  room. 

Dr.  Howard  has  called  attention  to  the  method  of  control  used  by 
Miss  Adele  M.  Fielde,  who  has  had  extended  experience  with  fleas  in 
China.  She  states  that  it  is  possible  to  control  the  fleas  there  by 
the  use  of  alum.  This  substance  is  added  to  the  whitewash  or  cal- 
cimine used  on  the  walls,  paper  is  dipped  in  a  solution  of  alimi  and 
put  under  rugs  and  matting,  and  powdered  alum  is  sprinkled  on 
carpets  or  other  floor  covering  and  swept  in.  It  does  not  injure  the 
rugs  or  matting,  but  banishes  the  insects,  according  to  Miss  Fielde's 
statements. 

In  houses  where  vacuum  cleaners  are  used  at  frequent  intervals 
the  number  of  fleas  coming  from  the  floors  may  be  reduced.  In  cases 
of  infested  houses  a  thorough  cleaning  of  the  carpets  and  floors  with 
a  vacuum  cleaner,  provided  it  is  efficient,  would  largely  mitigate  the 
pests. 

Fleas  in  different  stages  in  dwellings  or  other  buildings  may  be 
destroyed  by  fumigation  with  sulphur  fumes  or  hydrocyanic-acid 
gas.  Either  of  these  fimiigants,  when  properly  handled,  will  destroy 
the  fleas,  and  has  the  advantage  of  killing  the  rats  and  mice  as  well. 
The  use  of  sulphur  *  is  efficient  and  simple,  but  has  the  objection  of 
corroding  metal  and  injuring  plants.  In  fumigating,  the  infested 
building  should  be  closed  up  tightly  and  the  sulphur  weighed  out 
at  the  rate  of  4  pounds  to  each  1,000  cubic  feet  of  space.  The  sulphur 
is  piled  up  cone  shaped  in  a  pan  or  kettle,  which  is  placed  in  a 
larger  pan  or  tub  of  water  to  avoid  fire  from  the  heat  generated. 
A  depression  should  be  made  in  the  top.  of  the  cone  of  sulphur,  a 
little  alcohol  poured  into  it,  and  a  match  applied.  Each  room  to  be 
fumigated  should  have  a  vessel,  and  large  rooms  should  have  two, 
one  located  near  each  end.  It  is  preferable  to  do  all  of  the  fumiga- 
tion simultaneously.  The  rooms  or  building  should  be  kept  closed 
for  from  10  to  12  hours.  Although  this  gas  is  not  nearly  so  dan- 
gerous to  man  as  is  hydrocyanic-acid  gas,  the  rooms  should  be 
thoroughly  aired  before  entering  them.  The  corrosive  action  of  the 
gas  pn  metals  and  its  effect  on  plants  should  not  be  overlooked.  This 
may  be  minimized  by  fumigating  when  the  atmosphere  is  dry. 

Owing  to  the  poisonous  character  of  the  ingredients  used  and  the 
deadliness  of  the  gas  generated,  fumigation  with  hydrocyanic-acid 
gas  should  not  be  undertaken  without  carefully  reading  the  direc- 
tions* for  the  operation,  and  then  only  by  an  experienced  person. 

1  Marlatt,  C.  L.  Sulphur  dioxide  as  an  Insecticide.  In  U.  8.  Dept  Agr.,  Bur.  But,  Bui. 
60,  p.  139-146,  1906. 

*  Howard,  L.  O.,  and  Popenoe,  C.  H.  Hydrocyanlc-add  gas  against  household  Insects. 
U.  8.  Dept.  Agr.,  Bur.  Bnt,  Clr.  163,  8  p.,  1912. 
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Sodium  fluorid  is  a  comparatively  new  insecticide  which  will 
probably  be  useful  against  fleas.  This  substance  is  not  expensive 
and  not  dangerous  to  handle.  The  crystalline  powder  is  applied 
by  dusting  it  over  the  carpets  or  floors  and  working  it  into  the 
cracks.  For  the  adult  fleas  it  may  be  blown  about  the  floor  and  cor- 
ners with  a  dust  gun  or  insufflator.  Although  this  substance  has  not 
been  tried  in  this  way,  it  is  possible  that  it  can  be  advantageously 
utilized  in  chicken  houses,  dog  kennels,  etc.,  by  blowing  it  about  the 
floors  with  a  powder  gun.  The  fact  that  sodium  fluorid  is  an  excel- 
lent remedy  against  cockroaches  further  commends  its  use  about 
houses  infested  with  fleas. 

A  number  of  things  should  be  mentioned  which  may  be  utilized 
to  some  extent  in  flea-infested  regions  to  prevent  the  breeding  of 
fleas  in  dwellings.  As  far  as  possible,  rugs,  or  art  squares,  or  other 
coverings  which  can  be  taken  up  and  permit  keeping  the  floors  more 
cleanly,  and  in  case  of  infestation  make  treatment  easier,  shouIH  be 
used.  Closely  matched  floors  are  beneficial,  as  ^there  are  fewer  craels 
in  which  the  young  fleas  may  develop.  Where  cracks  are  present  they 
may  be  filled  with  plaster  of  Paris  or  putty.  The  use  of  floor  oil  or  of 
efficient  sweeping  compounds  on  floors  seems  to  aid  in  preventing  flea 
breeding. 

TRAPPING  FLEAS. 

Little  dependence  for  control  of  fleas  can  be  placed  on  methods 
designed  actually  to  capture,  repel,  or  exclude  from  the  host  ^e 
adult  fleas  if  not  supplemented  by  the  other  repressive  measures  just 
discusised.  Nevertheless,  under  certain  conditions,  such  as  in  in- 
stances where  a  few  adults  pre  produced  in  a  great  number  of  situ- 
ations, thus  making  complete  stopping  of  breeding  very  difficult,  or 
while  the  other  methods  of  control  are  being  put  into  effect,  trapping, 
repelling,  and  isolating  are  of  some  value.  In  localities  where  plague 
is  prevalent,  or  even  suspected,  the  importance  of  keeping  even  a 
single  flea  from  biting  man  is  apparent. 

Where  only  a  few  fleas  are  present  in  a  dwelling  and  breeding  in 
the  floors  is  not  suspected,  the  adults  may  be  caught  by  placing  a 
number  of  sheets  of  sticky  paper  on  the  floor.  In  extreme  cases, 
where  the  persons  attempting  to  rid  premises  of  fleas  are  liable  to 
injury  or  serious  disease,  the  practice  of  wrapping  fly  paper,  sticky 
side  out,  around  one's  legs  and  walking  about  is  sometimes  resorted  ta 
The  movement  causes  the  fleas  to  jump,  and  if  they  strike  the  paper 
they  are  held  fast.  The  use  of  sticky  fly  paper  in  this  way  was  prob- 
ably first  tried  by  Prof.  S.  H.  Gage  at  Cornell  University.  One  of 
the  university  buildings  was  cleared  of  fleas  by  having  the  janitor, 
with  legs  wrapped  in  fly  paper,  walk  back  and  forth  in  the  infested 
rooms.     Mr.  D.  L.  Van  Dine  also  made  use  of  this  scheme  in  Hawaii. 
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In  this  instance,  however,  it  was  used  mainly  to  protect  the  workmen 
who  were  clearing  up  flea-infested  premises. 

Lights  have  been  used  as  traps  for  the  adults  in  some  instances. 
The  results  will  no  doubt  vary  with  the  species  of  flea  concerned. 
A  light  trap  which  was  used  by  Mr.  E.  M.  Ehrhom,  formerly  of 
San  Francisco,  is  described  by  Dr.  Howard,  as  follows : 

Fill  a  glass  three-fourths  with  water,  on  top  of  which  pour  about  an  inch  of 
olive  oil,  then  place  a  night  float  (a  little  wick  inserted  in  a  cardboard  disk 
or  in  a  cork  disk)  in  the  center  of  the  oil.  Place  the  tumbler  in  the  center 
of  a  soup  plate  filled  with  strong  soapsuds.  The  wick  should  be  lighted  at  night 
on  retiring,  or  may  be  used  in  any  dark  room.  As  the  soup-plate  soapsuds 
trap  is  placed  on  the  floor  of  the  room,  it  does  not  inter- 
fere with  the  sleeper,  and  the  fleas  which  are  on  the 
floor  are  attracted  to  the  light. 

A  small  flea  trap  which  is  extensively  used  in 
parts  of  China,  and  is  said  to  be  very  beneficial, 
has  recently  been  described  by  Dr.  E.  Hindle. 
In  China  two  pieces  of  bamboo  are  used  in  con- 
structing the  trap.  A  modified  form  of  this 
trap,  which  can  easily  be  constructed  by  anyone, 
is  illustrated  in  figure  9. 

To  construct  the  trap,  bore  two  holes,  about  an 
inch  and  a  quarter  in  diameter,  in  a  board  any- 
where from  one-fourth  to  1  inch  in  thickness. 
With  a  keyhole  saw  or  a  pocket  knife  cut  out  a 
disk  of  the  board  around  each  of  the  holes  about 
2^  inches  in  diameter.    Take  a  piece  of  wire  net- 
ting, with  one-fourth  .or  one-half  inch  square 
soldered  mesh,  about  2  feet  wide,  and  tack  it 
around  the  disks,  having  one  at  either  end.    Cut 
off  the  wire,  leaving  the  ends  long  enough  to 
overlap  along  the  side  of  the  cylinder,  and  bend 
the  ends  in  to  complete  the  cylinder.     Around  a 
broom  handle  or  other  stick  about  an  inch  in 
diameter  and  equal  to  the  length  of  the  cylinder  wrap  a  piece  of  sticky 
fly  paper,  sticky  side  out ;  tack  it  at  each  end  to  the  stick  and  insert  the 
stick  into  the  cylinder.    The  stick  should  be  fastened  in  with  a  nail 
inserted  into  it  through  a  hole  in  the  edge  of  one  of  the  wooden  ends. 
The  outer  wire  cylinder  forms  a  protection  for  the  sticky  surface  and 
enables  one  to  move  the  flea  stick  around  between  the  bed  sheets  or  to 
roll  it  over  the  flea-infested  floor,  thus  distur.bing  the  fleas,  which  are 
caught  on  the  sticky  paper.    The  stick  may  be  easily  removed  and  a 
new  piece  of  fly  paper  put  on  w^hen  necessary. 

Animals  have  been  used  as  traps  f  6r  fleas  in  experiments  conducted 
by  the  Indian  Plague  Commission  aiid  others.     The  Commission 


Fio,  9. — Flea  trap.  The 
central  cylinder  is  re- 
movable and  Is  cov- 
ered with  sticky  fly 
paper.     (Original.) 
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found  that  guinea  pigs  left  free  in  rooms  picked  up  considerable 
numbers  of  fleas  of  different  species.  Men  also  acted  as  traps  by 
going  about  in  an  infested  room^  and  the  fleas  thus  picked  up  were 
caught.  No  doubt  rabbits,  cats,  or  dogs  could  be  utilized  jn  the  stme 
way  and  the  fleas  destroyed  by  the  methods  mentioned  imder  "De- 
struction of  fleas  on  hosts.''  This  method  of  picking  up  fleas  is  some- 
times applicable  to  certain  places  in  districts  where  plague  exists  and 
it  is  desirable  to  capture  and  destroy  the  few  fleas  which  might  other- 
wise get  upon  man. 

The  use  of  fresh  meat  to  attract  fleas  onto  fly  paper  and  into  traps 
has  been  considered  to  have  some  merit,  but  tests  made  by  Drs.  How- 
ard and  Mit7imain  and  by  others  show  that  it  is  without  value. 

REPELUNG  FLEAS. 

The  usefulness  of  repellents  is  even  more  limited  than  that  of 
traps.  Many  things  have  been  advocated  from  time  to  time,  or  in 
different  sections  of  the  country,  for  the  driving  away  of  fleas. 
Oil  of  pennyroyal  is  probably  most  widely  used  for  this  purpose, 
and  it  seems  to  have  considerable  virtue  as  a  repellent.  This  sub- 
stance may  be  applied  to  the  shoe  tops,  hose,  and  trousers,  or  placed 
elsewhere  on  the  body  or  clothing,  and  its  use  on  bedding  and  floors 
has  been  advocated  by  those  in  flea-infested  regions.  The  penny- 
royal plant  is  used  for  the  same  purpose  where  it  grows.  Buhadi, 
oil  of  cedar,  eucalyptus  oil,  or  camphor  sprinkled  between  the  sheets 
give  a  degree  of  protection  to  those  compelled  to  sleep  in  flea-infested 
places. 

ISOLATION  FROM  FLEAS. 

Frequently  in  many  parts  of  the  country  outbreaks  of  fleas  are 
experienced.  In  such  cases  extreme  measures  are  necessary  for  any 
degree  of  comfort.  Knowing  that  fleas  have  very  limited  powers  of 
jumping  in  a  vertical  direction  and  of  crawling  on  smooth  surfaces,  it 
is  practicable  to  exclude  them  from  beds.  The  higher  the  bed  is  from 
the  floor  the  better,  but  one  may  isolate  the  bed  from  fleas  in  most 
standard-height  beds  if  care  be  taken  to  keep  the  clothing  from  hang- 
ing down.  Of  course  it  is  essential  that  no  fleas  be  taken  into  the  b^ 
on  the  body  or  the  night  clothing  and  that  the  bedding  does  not  toudi 
the  walls  or  baseboard.  It  is  possible  also  to  isolate  a  bed  or  cot  or  a 
person  sleeping  on  the  floor,  if  the  floor  itself  is  not  infested,  by  plac- 
ing a  band  of  sticky  fly  paper  or  paper  covered  with  a  stic^  sub- 
stance 14  inches  wide  around  the  bed.  In  case  the  legs  of  a  bed  are 
rough,  which  permit  fleas  to  crawl  up  them,  a  band  of  sticky  sub- 
stance may  be  painted  around  the  bottoms  from  4  to  5  inches  abore 
the  floor,  or,  if  more  convenient,  the  legs  of  the  bed  may  be  placed  in 
large  pans  of  water. 
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When  the  fleas  are  carriers  of  disease  they  are,  of  course,  much 
more  dreaded  than  when  their  greatest  injury  is  their  bite.  Where 
extreme  measures  are  needed  the  possibility  of  a  man's  protecting 
himself  from  fleas  while  working  in  infested  locations  or  ev^n  while 
sitting  in  an  infested  room  by  wrapping  his  legs  with  fly  paper 
should  be  borne  in  niind.  A  man  may  get  considerable  protection 
from  the  sticktight  flea  by  wearing  khaki  or'  denim  trousers  and 
having  them  tucked  into  hightop  shoes.  Leather  boots  with  the  tops 
on  the  outside  of  the  trousers  also  keep  many  fleas  from  gaining 
access  to  the  body. 

REMEDIES  FOR  BITES. 

As  has  been  stated,  fleas  in  the  act  of  biting  inject  saliva  into  the 
wound,  thus  producing  more  or  less  irritation  and  itching.  Ordi- 
narily no  treatment  of  the  bites  is  necessary;  but  where  they  are 
numerous,  especially  in  the  case  of  susceptible  persons,  cooling 
lotions  will  give  relief.  Menthol  and  camphor  are  beneficial,  and 
carbolated  vaseline,  carbolic  acid  in  water  (a  3  per  cent  solution), 
and  hydrogen  peroxid  are  each  said  to  relieve  the  itching  and 
inflajnmation. 
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INTRODUCTION. 

The  purpose  of  this  paper  is  to  supply  reliable  information  on  the 
subject  of  Portland  cement  concrete  pavements  for  the  use  of  high- 
way engineers  and  others  interested  in  the  improvement  of  public 
roads.  It  is  realized,  however,  that  the  present  state  of  knowledge 
concerning  the  best  methods  of  constructing  such  pavements  is  by  no 
means  complete,  and  those  who  have  charge  of  concrete-road  con- 
struction should  be  careful  to  keep  themselves  informed  regarding 
results  obtained  by  ethers  engaged  in  similar  work  and  by  laboratory 
experiments. 

The  earliest  concrete  pavement  in  the  United  States  of  which  there 
is  reliable  record  was  constructed  at  Bellefontaine,  Ohio,  during  1893 
and  1894.  This  pavement  contains  4,400  square  yards  and  was  con- 
structed in  squares  similar  to  those  employed  in  concrete  sidewalk 
construction.  The  concrete  was  laid  in  two  courses.  This  early  ex- 
periment indicated  many  possibilities  and  no  doubt  has  been  respon- 
sible for  some  of  the  construction  methods  in  use  at  present.    Prior 

NoTS. — This   bulletin   contains  reliable  information   on   the   construction   of   Portland 
cement  concrete  pavements  for  country  roads.     Practical  instructions  for  highway  engi- 
neers and  all  others  interested  in  road  making  are  given. 
0275O'— Bull.  240-15 1 
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to  1009  the  total  area  of  concrete  pavements  which  had  been  con- 
structed in  this  country  was  comparatively  small,  and  in  the  majority 
of  cases  tliese  pavements  were  frankly  regarded  as  experiments. 
During  11)09  the  road  officials  of  several  communities  concluded  that 
tlie  results  already  obtained  were  sufficiently  encouraging  to  warrant 
them  in  undertaking  the  construction  of  concrete  roads  on  a  larger 
scale,  and  since  that  time  many  such  roads  have  been  completed. 
Wayne  County,  Mich.,  was  one  of  the  first  communities  to  adopt  this 
form  of  ccmstruction  and  at  present  probably  has  a  greater  mileage 
of  roads  paved  with  concrete  than  any  other  county  in  the  United 
States. 

The  fact  that  the  majority  of  the  concrete  pavements  which  have 
been  constructed  have  proved  entirely  satisfactory  where  traffic  con- 
ditions were  not  unduly  severe  is  serving  to  increase  their  popularity 
very  rapidly.  This  is  evidenced  by  the  following  tabulation,  showing 
the  approximate  number  of  square  yards  of  such  pavements  that  have 
been  constructed  in  the  United  States  each  year  beginning  with  1909 : 

Square  yards. 

!{)(«» 364,  000 

IIUO 850,000 

1911 1,  800,  000 

11)12 6.470,000 

lOia 10,100.000 

1914  (estimated) 19,200.000 

Enthusiastic  advocates  of  concrete  roads  should  bear  in  mind  that 
such  roads  can  never  be  economically  adapted  to  all  traffic  conditions, 
and  those  who  are  in  responsible  charge  of  road-improvement  work 
should  realize  the  importance  of  making  a  careful  economic  compari- 
son of  the  various  kinds  of  road  surfaces  under  the  conditions  to  be 
met  before  deciding  upon  the  type  of  improvement  to  adopt 

The  principal  advantages  which  concrete  pavements  possess  may 
be  briefly  stated  and  commented  upon  as  follows: 

1.  As  far  as  can  be  judged,  they  are  durable  under  ordinary  subur- 
ban and  rural  traffic  conditions.  AVhile  it  is  true  that  there  are  no 
very  old  concrete  pavements  in  existence,  the  present  conditicm  of 
many  of  those  which  have  undergone  several  years'  service  would 
seem  to  warrant  the  above  statement. 

2.  They  present  a  smooth,  even  surface,  which  oflfers  very  little  re- 
sistance to  traffic.  In  the  past  the  surfaces  of  concrete  pavements 
have  sometimes  been  roughened  in  order  to  insure  a  good  foothold 
for  horses.  This  practice  has  now  been  abandoned,  except  on  very 
steep  grades,  because  it  tends  greatly  to  accelerate  deterioratitm  of 
the  pavement,  and  because  the  smooth  surface  has  been  found  to 
aiTord  a  fairly  satisfactory  foothold  under  all  ordinary  conditions. 

3.  They  produce  practically  no  dust  and  may  be  earily  cleaned. 
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4.  They  can  be  maintained  at  comparatively  small  cost  until  re- 
newals become  necessary. 

5.  They  may  be  made  to  serve  as  an  excellent  base  for  some  other 
type  of  surface  when  resurfacing  becomes  desirable. 

6.  They  present  a  pleasing  appearance. 
The  principal  disadvantages  are : 

1.  They  are  somewhat  noisy  under  horse  traffic. 

2.  There  is  no  method  of  constructing  necessary  joints  in  the  pave- 
ments which  will  entirely  prevent  excessive  wear  in  their  vicinity. 
Furthermore,  joints  do  not  altogether  eliminate  cracking,  and  wher- 
ever a  crack  develops  it  must  be  given  frequent  attention  in  order  to 
prevent  rapid  deterioration  of  the  pavement. 

3.  They  can  not  be  as  readily  and  effectively  repaired  as  many  other 
types  of  pavements. 

MATERIALS  AND  CONSTRUCTION, 

It  is  especially  desirable  that  concrete  for  road  pavements  should 
possess,  in  as  great  degree  as  practicable,  (1)  hardness,  in  order  to 
resist  the  abrasive  action  of  traffic;  (2)  toughness,  in  order  to  resist 
the  disintegrating  action  of  horses*  hoofs  and  other  shocks;  and  (3) 
homogeneity,  in  order  that  the  surface  may  wear  uniformly. 

The  character  of  the  constituent  materials  and  the  proportions  in 
which  they  are  mixed  both  have  a  marked  influence  on  the  degree  in 
which  these  qualities  are  possessed  by  the  concrete.  In  selecting  the 
materials  and  determining  the  proportion  in  which  they  are  to  be 
mixed,  the  prospect  of  securing  the  desired  qualities  in  the  resulting 
concrete  should  be  given  primary  consideration.  The  methods  of 
mixing,  depositing,  and  curing  the  concrete  are  also  important  fac- 
tors in  securing  satisfactory  results  and  will  be  discussed  in  their 
proper  places. 

HATEBIAL& 

No  hard  and  fast  rules  can  be  laid  down  which  would  fit  all  cases 
in  the  selection  of  concrete  materials,  as  availability  is  necessarily  a 
very  important  factor.  Satisfactory  cement  can  usually  be  obtained, 
and  none  should  be  used  in  constructing  pavements  which  does  not 
meet  all  the  requirements  for  a  high-grade  Portland  cement.  The 
cost  of  importing  the  sand  and  coarse  aggregate  from  any  consider- 
able distance  is  usrually  prohibitive,  and  if  there  are  any  local  mate- 
rials which  are  or  can  be  made  suitable  for  aggregates  they  should 
be  given  first  consideration.  But  if  the  local  materials  are  not  such 
as  to  meet  substantially  the  requirements  outlined  in  the  following 
paragraphs,  it  would  be  very  doubtful  economy  to  use  them. 
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CEMENT. 

Portland  cement  of  a  chariieter  satisfactory  for  use  in  pavement 
construction  is  at  present  manufactured  in  nearly  every  section  of 
the  country.  The  product  of  all  cement  plants  is  not  always  entirely 
uniform  and  of  equal  excellence,  and  even  if  it  were  uniform  imme- 
diately after  manufacture  this  condition  might  easily  be  changed  by 
age  or  exposure.  These  facts  make  it  imperative  that  cement  for  use 
in  concrete  pavements  be  subjected  to  very  rigid  inspection.  It 
should  l)c  known  to  conform  to  the  requirements  of  some  standard 
specification  for  Portland  cement,  such  as  that  contained  in  Circular 
33  of  the  Ignited  States  Bureau  of  Standards  or  that  issued  by  the 
American  Society  for  Testing  Materials. 

SAND. 

Sand  for  use  in  concrete  pavements  should  be  selected  with  espe- 
cial care.  The  strength  of  mortar  depends  almost,  if  not  quite,  as 
much  on  the  quality  of  the  sand  used  as  on  the  quality  of  the  cement, 
and  a  strong  mortar  is  imperative  if  the  best  results  are  to  be  ob- 
tained. Preference  should  be  given  to  sand  composed  of  a  mixture  of 
coarj-e  and  fine  grains,  with  the  coarse  grains  predominating,  though 
sand  consisting  entirely  of  coarse  grains  is  preferable  to  that  in 
which  the  fine  grains  predominate.  It  is  also  very  important  that  the 
sand  be  as  clean  as  practicable.  Sand  which  contains  more  than 
about  3  per  cent  of  foreign  materials,  such  as  loam  or  clay,  should  be 
rejected,  and  no  sand  should  be  used  the  grains  of  which  are  coated 
with  clay  or  other  objectionable  material. 

Sand  which  contains  even  a  very  small  percentage  of  vegetable 
acids  is  unsuitable  for  use  in  concrete,  because  such  acids  seriously 
affect  the  strength  of  cement.  It  is  not  always  easy  to  detect  the 
presence  of  acids  in  sand,  and  in  order  to  insure  that  they  are  not 
present  in  any  gieat  extent  it  is  well  to  specify  that  cement  mortar 
in  which  the  proposed  sand  is  used  will  develop  a  tensile  strength 
ecjual  to  that  developed  by  mortar  made  of  the  same  cement  and 
standard  Otta\;a  sand. 

COARSE  AGGREGATE. 

The  coarse  aggi-egate  may  consist  of  either  crushed  stone  or  gravel. 
It  has  been  claimed  that  the  angular  shape  of  the  particles  of  crushed 
stone  gives  that  material  an  advantage  over  gravel  in  the  matter  of 
securing  a  satisfactory  bond  with  the  mortar  of  the  concrete,  and 
this  claim  seems  to  be  at  least  partially  justified  by  experience. 
WTierever  gravel  and  crushed  stone  have  been  used  as  coarse  aggre- 
gates in  different  sections  of  the  same  pavement,  and  the  different 
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sections  have  been  given  identical  treatment,  a  proportionally  greater 
number  of  cracks  have  usually  formed  in  the  gravel  concrete.  It  has 
been  observed,  however,  that  when  some  varieties  of  stone  are  used  as 
coarse  aggregate  the  resulting  concrete  shows  very  little,  if  any, 
superiority  over  gravel  concrete  as  regards  the  formation  of  cracks. 
It  therefore  seems  possible  that  the  quality  of  stone,  rather  than  the 
angular  shape  of  the  particles,  may  be  responsible  for  the  apparent 
advantage  of  crushed  stone  over  gravel. 

There  are  not  sufficient  data  available  to  warrant  making  a  definite 
comparison  of  the  advantages  possessed  by  the  different  varieties  of 
stone  when  used  as  coarse  aggregate.  But  so  far  as  cracks  are  con- 
cerned, limestone  appears  to  have  made  a  better  record  than  any 
other  variety  of  stone  which  has  been  used  to  any  considerable  extent. 

The  coarse  aggregate,  whether  of  crushed  stone  or  gravel,  should 
possess  at  least  as  great  resistance  to  wear  as  the  mortar  which  fills 
the  voids  between  the  particles  of  stone.  Any  sound  stone  or  gravel, 
moderately  hard  and  tough,  will  meet  this  requirement,  but  in  general 
the  harder  and  tougher  the  coarse  aggregate,  the  greater  the  re- 
sistance to  wear  of  the  concrete.  The  best  available  stone  should 
therefore  always  be  used. 

The  difficulties  experienced  in  securing  a  satisfactory  quality  of 
coarse  aggregate  are  frequently  caused  by  a  lack  of  proper  facilities 
for  preparing  the  natural  materials  locally  available.  There  are 
very  few  gravel  pits  which  fiunish  a  gravel  suitable  for  use  in  con- 
crete pavement  construction  without  washing,  and  properly  equipped 
washing  plants  are  both  difficult  and  expensive  to  construct.  On  the 
other  hand,  a  great  many  stone  quarries  contain  pockets  of  clay  or 
inferior  stone  which  should  not  be  contained  in  the  aggregate,  and 
it  is  sometimes  very  difficult  to  remove  these  objectionable  materials 
while  the  stone  is  being  crushed  and  screened.  It  is  also  frequently 
difficult  to  screen  out  the  dust  of  fracture  formed  in  crushing  some 
varieties  of  stone. 

It  is  very  desirable  that  the  particles  composing  the  coarse  aggre- 
gate be  well  graded  in  size  between  proper  limits  in  order  that  the 
percentage  of  voids  may  be  as  small  as  practicable.  It  is  convenient 
to  fix  the  limit  of  variation  by  specifying  a  certain  screen  upon  which 
coarse  aggregate  shall  all  be  retained,  and  another  screen  which  it 
shall  all  pass.  A  i-inch  mesh  screen  for  the  lower  limit  and  a  screen 
having  l^-inch  circular  openings  for  the  upper  limit  have  been  most 
frequently  specified  for  coarse  aggregate  used  in  concrete  pavements. 
The  upper  limit  of  1 J  inches  seems  to  be  entirely  satisfactory  in 
nearly  all  cases,  but  'the  lower  limit  of  J  inch  frequently  results 
in  a  failure  to  remove  as  much  fine  material  from  the  aggregate 
as  is  desirable.     For  example,  when  the  coarse  aggregate  is  se- 
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cuivd  from  gravel  containing  a  considerable  percentage  of  sand, 
or  from  ciushed  limestone,  a  |-inch  mesh  minimum  screen  is  to  be 
preferred. 

WATER. 

AVater  used  in  mixing  concrete  should  be  reasonably  clear  and  free 
from  alkalies,  acids,  vegetable  matter,  or  other  injurious  materials. 
The  subject  of  water  supply  will  be  later  discussed  imder  the  heading, 
"  Methods,  organization,  and  equipment." 

PBOPOBTIONINO. 

Concrete  in  pavements  is  subjected  to  much  more  severe  service 
conditions  than  that  in  walls,  foundations,  etc.  Most  of  the  old 
rules  for  proportioning  concrete  wei'e  developed  with  a  view  to  pro- 
viding only  for  simple  compressive  stresses,  such  as  are  met  with  in 
the  latter  class  of  structures.  Hence  it  is  not  surprising  that  the 
early  results  obtained  for  pavements  by  following  the  old  rules  were 
not  generally  satisfactory.  Concrete  pavements  must  resist  not  only 
crushing  and  impact  stresses  but  the  wearing  action  of  traffic  as  well, 
and  this  is  probably  the  most  destructive  process  to  which  they  are 
subjected. 

The  essential  qualities  which  enable  any  material  to  withstand  the 
wearing  action  of  traffic  are  hardness  and  toughness*  Laboratory 
tests  have  been  devised  for  determining  the  relative  degree  in  which 
these  qualities  are  possessed  by  different  kinds  of  stone  and  brick,  but 
none  of  these  tests  is  suitable  for  making  similar  determinations  re- 
garding concrete  mixed  in  different  proportions  and  composed  of 
different  materials.  The  reason  for  this  is  that  the  stnicture  of  con- 
crete, unlike  that  of  ordinary  stone  and  brick,  is  not  homogeneous. 
It  is  possible,  however,  to  employ  the  routine  road-material  tests 
described  in  Office  of  Public  Roads  Bulletin  No.  44  on  the  mortar  and 
coarse  aggregate  separately,  and  it  would  seem  that  the  results  which 
might  be  obtained  in  this  way  ought  to  furnish  a  fairly  reliable 
index  to  the  quality  of  concrete  w^hich  could  be  produced  from  the 
materials  tested.  The  proper  proportions  in  which  to  mix  the  ma- 
terials can  probably  be  best  determined  from  actual  service  tests. 

Plates  VII,  VIII,  and  IX  are  diagrams  showing  the  relative  hard- 
ness, toughness,  and  crushing  strength  of  mortars  mixed  in  different 
proportions  and  in  which  two  different  qualities  of  sand  were  used. 
Sand  for  one  set  of  the  test  specimens,  as  noted  on  the  diagrams,  was 
standard  Ottawa,  while  that  for  the  other  set  was  natural  quartz 
sand  which  showed  the  following  analysis: 
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Table  I. — Chranulometric  analysis  of  quartz  sand} 


Size  of  grains. 

Percent. 

Ketafned  on— 

1-inch  mesh  screen 

0.0 

74.0 

124.5 

286.0 

460.0 

624.0 

9Sa5 

1,139,5 

1,159.5 

1,198.5 

51.5 

0.0 

i-inch  mesh  screen 

5.9 

f?o.  10  screen. 

10.0 

No,  20  screen. 

21.2 

No.  30  screen 

36.7 

No.  40  screen 

49.8 

No.  50  screen. 

74.3 

No.  80  screen 

9L1 

No.  100  screen 

92.7 

No.  200  screen 

96.5 

Pwwinf  a  No.  200  ffrreen    . , 

3.5 

loao 

1  Total  weight  of  sample,  1,250  grams;  weight  of  sample  after  washing,  1,208  grams. 

Experience  has  shown  that  when  first-class  sand  is  used  very  good 
results  are  obtained  by  using  a  proportion  of  1  part  of  cement  to  1^  or 
If  parts  of  sand  and  making  the  proportion  of  coarse  aggregate  such 
that  the  resulting  concrete  will  contain  slightly  more  mortar  than  is 
sufficient  to  fill  all  voids.  If  a  well-graded  gravel  is  used  as  coarse 
aggregate,  the  proportion  should  be  about  1 :  1| :  3,  while  in  most  cases 
where  broken  stone  is  used  as  coarse  aggregate  it  will  be  found  desir- 
able to  make  the  proportion  about  1 :  If :  3,  and  in  some  cases,  where 
the  particles  of  stone  are  of  imif  orm  size,  even  a  still  greater  propor- 
tion of  mortar  will  be  required,  but  this  should  be  effected  by  de- 
creasing the  amount  of  coarse  aggregate  and  not  by  further  increas- 
ing the  amount  of  sand. 

Since  the  bottom  course  of  a  two-course  pavement  is  not  subjected 
to  the  wearing  action  of  traffic,  it  would  appear  that  the  rules  for 
proportioning  the  materials  for  this  course  might  be  considerably 
modified.  On  the  other  hand,  using  different  proportions  in  the  top 
and  bottom,  courses  undoubtedly  results  in  the  concrete  of  the  two 
courses  having  different  coefficients  of  expansion  and  different  moduli 
of  elasticity,  and  these  differences  might  tend  to  cause  a  separation 
of  the  two  courses.  The  fact  that  such  separations  sometimes  occur 
strengthens  this  theoretical  objection. 

CONSTRUCTION. 

TYPES. 

There  are  two  general  types  of  concrete  pavement,  known  as  the 
one  course  and  the  two  course.  These  designations  are  due  to 
the  fact  that  the  former  consists  of  one  course  of  concrete,  all  of 
which  is  mixed  in  the  same  proportion  and  composed  of  the  same 
kind  of  materials,  while  the  latter  consists  of  two  courses  of  concrete, 
usually  mixed  in  different  proportions  and  containing  different  kinds 
of  aggregate.    Plate  X,  figure  1,  shows  a  typical  cross  section  for  a 
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concrete  pavement,  and  this  general  form  is  suitable  for  either  one- 
course  or  two-course  work.    The  one-course  pavement  is  somewhat 
simpler  to  construct  than  the  two-course  type.    It  possesses  the  ad- 
vantages that  there  is  no  possibility  for  the  wearing  surface  to  sep- 
arate from  the  rest  of  the  pavement,  and  that  the  resistance  to  wear 
should  be  uniform  throughout  the  life  of  the  pavement.     Notwith- 
standing these  advantages,  local  conditions 
the  two-course  type  of  construction.    For  e3 
terials  locally  available  for  use  as  aggregat 
quality,  it  might  be  more  economical  to  use 
the  lower  course  of  a  two-course  pavement  ar 
the  wearing  course  than  to  employ  a  one-cour 
all  the  aggregate.     The  two-course  pavemen 
less  cement  per  square  yard  than  the  one-( 
proportions  are  used  in  the  top  and  bottom 
alone  w  ould  seldom,  if  ever,  justify  a  prefere] 
especially  in  view  of  the  objections  to  this  ] 
already  noted. 

Besides  the  two  general  types  of  concrc 
above,  there  are  several  special  patented  t 
known  these  do  not  possess  any  particular  a 

be  discusvsed  in  detail.  The  one-course  pavement  is  believed  to  be 
better  adapted  to  most  ordinary  conditions  than  any  other  type  of 
concrete  pavement  and  will  be  given  principal  consideration  in  the 
follow^ing  discussion. 

Plates  I  to  IV  are  arranged  in  logical  s 
ous  steps  in  the  construction  of  a  one-coui 
are  intended  to  supplement  the  descriptior 
given  below. 

GRADING  AND  PBEFARINO  THE  I 

In  forming  a  roadbed  upon  which  a  cone 
structed,  the  features  which  should  receive 
(1)  adequate  drainage,  (2)  firmness,  and 
and  cross  section. 

It  is  impracticable  to  prescribe  defini 
thorough  drainage  which  would  be  applical 
local  conditions  which  affect  the  accumulat 
surface  and  ground  water  vary  considerably 
and  it  is  only  by  means  of  a  careful  study 
satisfactory  sj^stem  of  drainage  can  be  dev 
material  composing  the  roadbed  consists  oi 
or  French  drains  would  probably  be  necesj 
tremely  flat  topography  may  make  it  necei 
by  means  of  an  embankment,  considerably 
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FiQ.  1.— Charging  Concrete  Mixer. 


Fig.  2.— Placing  Concrete  and  Using  Template. 
EXPERIMENTAL   CONCRETE    ROAD,    CHEVY    CHASE,    MD. 
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Fia  1.— Finishing  the  Surface  with  a  Wcx>den  Float. 


Fig.  2.— Canvas  Covering  in  Place. 
EXPERIMENTAL    CONCRETE    ROAD,    CHEVY    CHASE,    MD. 
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Bui.  249,  U.  S.  D«pt.  of  Agriculture.  PLATE  IV. 


FiQ.  1.— Covering  the  Surface  with   a   Layer   of   Earth   After   Canvas  is 

Removed. 


Fig.  2.— After  Nearly  Two  Years*  Service. 
EXPERIMENTAL    CONCRETE    ROAD,    CHEVY    CHASE,    MD. 
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Bui.  249,  U.  S.  D«pt.  of  Agricultur*.  PLATE  V. 


Fia  2.— Showing  Unsatisfactory  Condition  of  Bituminous  Wearing  Surface 
After  Less  than  One  Year's  Service. 

EXPERIMENTAL  CONCRETE  ROAD,  CHEVY  CHASE,  MD. 
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Bui.  249,  U.  S.  D«pt  of  Agricu!tur«.  PLATE  VI. 
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jacent  land.  The  nature  of  the  soil,  the  character  of  the  topography, 
and  the  amount  and  rate  of  rainfall  must  all  be  taken  into  considera- 
ation,  if  a  system  of  drainage  is  to  be  properly  planned. 

The  second  requirement,  firmness,  can  be  secured  only  after  the 
road  has  been  properly  drained.  Soils  which  readily  absorb  moisture 
will  not  remain  firm  in  wet  weather  and  therefore  should  not  be  per- 
mitted to  form  a  part  of  the  roadbed,  especially  if  they  occur  in  the 
subgrade.  This  requirement  also  makes  it  necessary  that  the  road- 
bed be  thoroughly  compacted.  In  forming  embankments  the  ma- 
terial should  be  put  down  in  layers  not  more  than  about  12  inches 
thick,  and  each  layer  should  be  thoroughly  rolled.  (See  PL  VI.) 
The  subgrade  in  both  excavation  and  embankment  should  be  brought 
to  its  final  shape  by  means  of  picks  and  shovels  and  rolling. 

The  cross  section  of  the  subgrade  may  be  either  flat  or  shaped  to 
conform  with  the  finished  surface  of  the  pavement.  The  flat  cross 
-section  involves  the  use  of  a  slight  additional  quantity  of  concrete, 
but  gives  an  increased  thickness  at  the  center,  where  maximum 
strength  is  required.  It  has  been  observed  that  longitudinal  cracks 
occur  less  frequently  in  concrete  pavements  laid  on  a  flat  subgrade 
than  where  the  subgrade  is  curved  to  conform  to  the  surface  of  a 
crowned  pavement. 

In  either  case  the  subgrade  when  completed  should  be  uniform  in 
grade,  cross  section,  and  firmness,  not  only  to  prevent  a  waste  of  con- 
crete in  filling  up  depressions  but  in  order  to' facilitate  the  necessary 
movement  of  the  pavement  due  to  contraction  and  expansion  and 
thus  reduce  its  tendency  to  crack.  The  subgrade  should  be  rolled 
and  reshaped  until  the  specified  shape  is  secured.  The  forms,  which 
should  be  set  before  the  final  shaping,  may  be  made  to  serve  as  a 
guide  for  this  work. 

USE  OF  SUB-BASE. 

Where  old  pavements  which  have  been  constructed  on  a  sub-base 
are  replaced  by  concrete  pavements,  it  is  frequently  convenient  to 
place  the  new  pavements  on  the  old  sub-base.  Furthermore,  soil 
conditions  are  sometimes  such  as  to  make  the  use  of  a  sub-base  very 
desirable.  This  is  especially  true  of  soils  which  do  not  compact 
readily  under  the  roller  or  which  can  not  be  eflfectively  drained  at  a 
reasonable  cost. 

A.  satisfactory  sub-base  may  be  constructed  of  gravel,  broken  stone, 
telf  ord,  cinders,  or  any  other  similar  material.  The  essential  features 
in  every  case  are  firmness,  smoothness,  and  uniformity  in  grade  and 
cross  section.  Telford  is  seldom  employed  as  a  sub-base  for  concrete 
pavements,  except  when  old  macadam  roads  having  such  sub-bases 
are  being  repaved  with  concrete.  When  this  is  the  case  it  would  seem 
advisable  to  spread  a  layer  of  sand  or  other  fine  material  over  the  sub- 
92750*— Boll.  240—15 2 
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base  before  the  concrete  is  placed.  Otherwise  the  irregularities  in 
the  telford  surface  would  prevent  the  pavement  from  contracting 
and  exi)anding  readily  and  would  thus  cause  cracks  to  occur  at  fre- 
quent intiM'vals. 

AMien  old  macadam  or  gravel  roads  are  to  be  surfaced  with  con- 
crete it  is  advisable  to  scarify  the  entire  surface  to  a  depth  of  several 
inches  before  the  subgrade  is  shaped  to  receive  the  concrete.  If  this 
is  not  done,  it  is  almost  impossible  to  prevent  a  lack  of  uniformity 
in  the  subgrade  wherever  it  is  necessary  to  grade  or  shape  up  any 
l)art  of  the  old  road. 

It  has  been  suggested,  with  an  apparent  show  of  reason,  that  a 
thin  cushion  of  sand  might  be  advantageously  used  under  concrete 
pavements.  The  purpose  of  this  construction  is  to  facilitate  the 
sliding  of  the  pavement,  due  to  expansion  and  contraction,  and  thus 
to  increase  the  allowable  distance  between  contraction  joints.  So  far 
as  is  known  there  are  no  experimental  data  which  bear  on  this  subject 


The  form  work  required  for  concrete  pavements  is  very  simple 
and  inexpensive.  Ordinarily  the  forms  may  consist  of  2i-inch  boards 
having  a  width  ecjual  to  the  edge  thickness  of  the  pavement,  though 
metal  forms  are  in  general  more  economical  and  are  always  to  be 
preferred.  The  forms  should  be  set  before  the  subgrade  is  finished, 
in  order  to  serve  as  a  guide  for  the  finish  grading,  and  should  be 
securely  held  in  place  by  means  of  stakes  driven  on  the  shoulder 
side  to  such  depth  that  they  do  not  extend  above  the  top  of  the  forms. 
Caie  should  be  taken  to  see  that  the  forms  bear  uniformly  on  the 
sul)grade,  as  otherwise  they  are  likely  to  sag  while  the  concrete  is 
being  struck  off  and  tamped,  and  thus  produce  an  irregular  surface. 
It  is  also  well  to  have  the  ends  of  the  different  sections  fastened 
together  in  such  a  manner  that  no  relative  displacement  is  possible. 

The  foruis  should  always  be  set  true  to  line  and  grade,  and  where 
curbs  or  gutters  are  to  l)e  provided  they  must  be  modified  to  suit  the 
recjuirements  for  these  features. 

MIXING    AND   PLACING   THE  CONCRETE. 

When  a  considerable  area  of  concrete  pavement  is  to  be  laid  it  is 
usually  economical  to  employ  a  mechanical  mixer  for  mixing  the 
concrete  (PL  II,  fig.  1).  Hand  mixing  is  much  more  expensive 
than  machine  mixing,  and  hand-mixed  concrete  is  rarely  as  uniform 
as  machine-mixed  concrete  either  in  consistency  or  in  the  distribu- 
tion of  the  component  materials.  Since  lack  of  uniformity  is  be- 
lieved to  be  one  of  the  most  potent  causes  for  the  formation  of  cracks, 
machine  mixing  is  greatly  to  be  preferred.    There  are  several  makes 
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of  machine  mixers  which  have  proved  to  be  satisfactory  for  such 
work.  The  self-propelled  batch  type  with  a  distributing  device  is 
probably  tiie  most  economical  to  use  where  the  amount  of  work  to 
be  done  is  sufficient  to  warrant  the  purchase  of  such  a  machine. 

The  distributing  device  may  consist  of  a  bucket  and  boom  attach- 
m^it  or  of  a  chute  or  a  revolving  tube  which  conveys  the  concrete 
from  the  drum  of  the  mixer  to  its  place  in  the  road.  The  chute  is 
objectionable,  because  if  the  concrete  is  mixed  to  such  a  consistency 
that  it  will  readily  flow  down  the  chute  it  is  too  wet  for  best  results; 
and,  furthermore,  there  is  a  tendency  for  the  mortar  to  separate 
from  the  coarse  aggregate.  This  is  especially  true  when  the  mixer 
is  working  down  a  steep  grade.  No  matter  what  kind  of  distributing 
device  is  used,  however,  steep  grades  are  liable  to  interfere  with  the 
proper  working  of  the  mixer,  and  if  such  grades  occur  on  any  par- 
ticular piece  of  work  that  is  to  be  undertaken  this  point  should  be 
investigated  before  the  concrete  mixer  is  purchased. 

Even  when  the  very  best  type  of  concrete  mixer  is  employed  it  is 
necessary  to  exercise  considerable  care  to  see  that  the  concrete  is 
mixed  th(HM>ughly  and  to  a  uniform  consistency.  Tests  have  shown 
that  increasing  the  time  during  which  a  batch  of  concrete  remains 
in  the  revolving  drum  of  a  mixer,  within  reasonable  limits,  has  very 
much  the  same  effect  as  increasing  the  proportion  of  cement.  It  is 
also  almost  certain  that  varying  amoimts  of  water  in  successive 
batches  will  tend  to  cause  cracks  to  develop  in  the  pavement.  It  is 
impracticable  to  state  definite  rules  for  determining  the  number  of 
turns  of  the  mixer  drum  or  the  exact  quantity  of  water  which  each 
batch  should  be  given,  because  these  features  are  considerably  af- 
fected by  the  condition  of  the  mixer  and  the  materials.  In  general 
it  may  be  said  that  each  batch  should  be  mixed  until  there  are  no 
uncoated  particles  of  sand  or  coarse  aggregate  remaining,  and  the 
amount  of  water  should  be  such  that  the  resulting  concrete  will  be 
quaky  or  jellylike,  but  not  sufficiently  wet  to  flow  readily  while  it 
is  being  handled.  On  steep  grades  somewhat  less  water  should  be 
used  in  mixing  the  concrete  than  when  the  grade  is  level.  A  com- 
paratively wet  concrete  is  easier  to  handle  on  level  grades,  but  is 
liable  to  flow  on  steep  grades  after  the  pavement  has  been  struck  off 
and  tamped,  causing  irregularities  to  develop  in  the  surface. 

Immediately  after  the  concrete  is  mixed  it  should  be  deposited  in 
the  pavement.  Otherwise  the  materials  of  which  it  is  composed  will 
begin  to  separate,  and  if  it  is  permitted  to  stand  an  appreciable  length 
of  time  before  being  placed  the  heavy  materials  will  settle  to  the  bot- 
tom of  the  containing  vessel,  so  that  when  it  is  emptied  a  core  will  be 
formed  in  the  center  of  the  space  occupied  by  the  batch.  Concrete 
mixed  in  a  stationary  mixer  and  hauled  to  its  place  in  the  road  is 
especially  subject  to  this  objection. 
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Before  any  concrete  is  placed  the  subgrade  shduld  be  thoroughly' 
sprinkled  with  water  or  a  part  of  the  water  contained  in  the  conci-ete 
will  be  absorbed  by  the  subgrade,  which  may  interfere  with  the' 
process  of  setting. 

For  one-course  work  the  concrete  should  be  deposited  between  the 
forms  in  such  quantity  that  when  it  is  struck  off  and  compacted  it 
will  present  a  uniform  surface  and  have  the  depth  required  for  the 
finished  pavement.  Each  batch  of  concrete  should  be  dumped  as 
nearly  in  place  as  is  practicable  and  should  preferably  be  spread  by 
means  of  mortar  hoes.  The  men  who  do  the  spreading  should  avoid 
walking  in  the  concrete,  because  each  time  the  foot  sinks  into  it  the 
coarse  aggregate  is  shoved  down,  and  when  the  foot  is  withdrawn  the 
space  thus  left  tends  to  fill  with  mortar,  which  causes  a  lack  of  uni- 
formity in  the  concrete. 

After  the  concrete  has  been  spread  approximately  to  the  required 
cross  section  it  should  be  struck  off  with  a  strike  board  having  slightly 
more  crown  than  the  cross  section  of  the  road.  This  allows  for  a 
slight  amount  of  settlement  when  the  concrete  is  compacted.  The 
compacting  should  be  done  with  a  tamper  shaped  to  conform  with 
the  cross  section  of  the  road  and  operated  by  two  men,  one  standing 
on  each  side  of  the  pavement.  Suitable  designs  for  strike  boards  are 
shown  in  Plate  X,  figures  2  and  3.  The  heavier  design  (PL  X,  fig.  3), 
on  account  of  its  durability,  is  especially  adapted  for  use  where  a 
Qonsiderable  amoimt  of  work  is  to  be  done.  It  is  also  in  general 
somewhat  more  satisfactory  than  the  light  design  on  account  of  its 
greater  rigidity.  Plate  X,  figure  4  shows  a  design  for  a  tamper 
made  of  steel  which  has  been  used  very  satisfactorily  for  compacting 
concrete  after  it  has  been  struck  off,  and  which  is  very  rigid  and 
durable. 

Sometimes  the  tamping  and  striking  off  are  done  with  the  same 
template,  but  this  is  not  altogether  satisfactory,  because  when  this  is 
done  it  is  impracticable  for  the  template  to  have  a  greater  crown  than 
is  required  for  the  finished  pavement,  and  it  is  diflScult  to  strike  off 
the  concrete  with  such  a  template  and  at  the  same  time  make  pro- 
vision for  compacting. 

In  the  case  of  two-course  pavements  it  is  important  that  the  top 
course  be  placed  before  the  concrete  in  the  bottom  course  has  taken 
its  initial  set.  The  bottom  course  should  be  well  compacted  and 
struck  off,  but  the  striking  off  need  not  be  as  carefully  done  as  in  the 
case  of  the  top  course.  The  top  course  should  be  constructed  in  a 
manner  similar  to  that  described  for  one-course  pavements. 

FINISHING  THE  SURFACE. 

The  surface  of  a  concrete  pavement  may  be  given  either  a  rough  or 
a  smooth  finish.    A  slightly  roughened  surface  has  the  advantage  of 
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being  less  slippery  when  the  pavement  is  first  constructed  and  is  pre- 
ferred by  some  engineers  on  that  account.  Smooth  surfaces  are  more 
generally  preferred,  except  on  very  steep  grades,  where  it  is  some- 
times desirable  to  provide  grooves  or  other  comparatively  deep  mark- 
ings at  right  angles  to  the  direction  of  traffic  in  order  to  afford  a  bet- 
ter foothold  for  horses.  Such  grooves,  however,  will  cause  rapid 
deterioration  of  the  pavement  under  heavy  traffic. 

A  satisfactory  method  of  finishing  the  surface  is  to  use  a  wooden 
float  for  smoothing  out  all  template  markings  (PL  III,  fig.  1)  and 
evening  up  other  slight  irregularities.  This  method  of  finishing 
produces  a  surface  sufficiently  rough  for  all  ordinary  grades  and  pos- 
sesses the  advantage  of  being  extremely  simple.  In  using  the  float 
special  care  must  be  exercised  to  keep  the  pressure  of  the  hand  uni- 
form, in  order  not  to  produce  irregularities  in  the  surface.  Wherever 
a  depression  occurs  it  should  be  filled  by  adding  concrete,  and  not  by 
raking  mortar  into  it  with  the  float.  The  workmen  who  do  the  float- 
ing should  be  provided  with  one  or  more  light  bridges,  which  span 
the  pavement  and  which  can  be  easily  moved  as  the  work  progresses. 
Various  sizes  of  floats  are  used,  and  provided  they  are  handled  by 
skilled  workmen  the  size  is  not  important.  The  long  float  shown  in 
Plate  X,  figure  5,  requires  less  skill  on  the.  part  of  the  operators  than 
short  floats.  A  suitable  design  for  a  finishing  bridge  is  shown  in 
Plate  XI,  figure  1. 

JOINTS. 

-  It  is  customary  to  provide  transverse  joints  at  regular  intervals 
in  concrete  pavements,  to  prevent  irregular  cracks  from  being  pro- 
duced ;  and  if  the  width  of  the  pavement  exceeds  20  feet,  longitudinal 
joints  are  also  usually  provided.  Concrete  contracts  and  expands 
with  changes  in  temperature  and  also  with  changes  in  its  moisture 
content.  It  also  shrinks  or  contracts  upon  setting;  and  since  the 
strength  of  the  concrete  is  then  comparatively  low,  the  tensile  stresses 
developed  are  much  more  likely  to  produce  cracks  than  equivalent 
stresses  developed  in  older  concrete.  It  is  evident  that  the  greatest 
longitudinal  stress  which  can  be  developed  at  any  section  of  the 
pavement,  due  to  contraction,  is  equal  to  the  weight  of  the  pavement, 
included  between  the  section  under  consideration  and  the  nearest 
free  end,  multiplied  by  the  coefficient  of  friction  between  the  pave- 
ment and  the  subgrade.  Therefore,  if  contraction  joints  are  spaced 
sufficiently  close  together  to  prevent  this  stress  from  exceeding  the 
tensile  strength  of  the  concrete,  no  cracks  should  occur. 

If  no  transverse  joints  are  constructed  in  the  pavement,  the  length 
of  the  sections  between  cracks,  judging  from  such  limited  data  as  are 
at  present  available,  will  vary  from  20  to  150  feet,  and  depends  upon 
the  kind  of  aggregate  used,  the  relative  richness  of  the  concrete,  the 
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condition  of  the  siibgrade  at  the  time  the  concrete  is  placed  upon  it, 
and  the  methml  employed  in  curing  the  concrete.  It  is  common  prac- 
tice to  space  the  transverse  joints  from  25  to  50  feet 

If  there  were  no  curves  in  the  alignment,  or  summits  in  the  grade 
of  a  road,  it  is  doubtful  if  any  proWsion  for  expansion  would  be 
ne<*essary  in  constructing  the  joints,  because  the  elasticity  of  the 
concrete  should  be  suflScient  to  take  care  of  the  expansion  caused  by 
changes  in  temperature  and  moisture  content.  In  nearly  all  cases, 
however,  there  are  curves  in  alignment  and  changes  in  grade  which 
nii^ht  f)ermit  a  displacement  of  the  pavement  before  a  very  high 
compressive  stress  was  developed.  For  this  reason  it  is  advisable 
that  joints  be  constructed  to  pro\'ide  for  a  slight  amount  of  expan- 
sion as  well  as  for  contraction. 

There  are  a  number  of  different  methods  of  constructing  joints, 
but  none  of  them  appear  to  be  entirely  satisfactory  from  every 
standpoint.  Probably  the  simplest  type  of  joint  is  that  made  by 
introihicing  into  the  pavement  a  board  about  five-eighths  inch 
thick  and  shapeil  to  conform  with  the  cross  section.  This  board  is 
held  in  place  by  means  of  stakes  imtil  the  concrete  is  placed  against 
it  on  both  sides.  The  stakes  are  then  removed  and  the  board  is  left 
in  place  with  its  upper  edge  even  with  the  surface  of  the  pavement 
and  its  lower  edge  resting  upon  the  subgrade.  The  principal  objec- 
tions to  this  joint  are  that  the  board  wears  rather  rapidly  and  does 
not  protect  the  adjacent  edges  of  the  concrete. 

A  second  method  is  to  form  a  plane  of  weakness  by  placing  a  board 
so  that  its  top  edge  is  about  3  inches  below  the  surface  of  the  pave- 
ment. Then,  when  the  contraction  of  the  concrete  has  caused  a  crack 
to  form  immediately  over  the  lx)ard,  the  crack  is  filled  with  bitumi- 
nous material.  This  joint  is  said  to  have  proved  very  satisfactory  for 
dense  concrete  where  the  distance  between  joints  is  comparatively 
small,  but  it  is  subject  to  the  objection  that  compressive  stresses  de- 
veloped by  expansion  of  the  concrete  are  likely  to  be  concentrated 
in  the  upper  part  of  the  pavement  and  to  cause  spalling  at  the  joints. 

Another  method  is  to  use  a  board,  such  as  that  first  described,  which 
is  removed  before  the  concrete  has  taken  its  final  set.  The  opening 
thus  left  is  later  filled  with  bituminous  material.  The  principal  difli- 
culty  with  this  method  is  that  when  the  board  is  withdrawn  the  adja- 
cent edges  of  the  concrete  are  usually  disturbed  and  a  rough  joint  is 
produced. 

Probably  the  method  most  often  used  in  constructing  joints  is  to 
separate  the  successive  sections  of  the  pavement  by  means  of  spe- 
cially prepared  bituminous  felt  boards.  These  are  usually  held  in 
place  by  means  of  properly  shaped  steel  templates  until  the  concrete 
is  deposited  against  them,  after  which  the  templates  are  removed 
and  the  concrete  flows  around  the  boards.     The  thickness  of  this 
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joint  has  varied  in  common  practice  from  one  thickness  of  two-ply 
tar  paper  up  to  about  one-half  inch.  A  thickness  of  one-quarter  inch 
seems  to  give  very  satisfactory  results  when  the  joints  are  spaced 
about  30  feet  apart.  Joints  of  this  kind  are  sometimes  provided  with 
metal  armor,  which  is  intended  to  keep  the  adjacent  edges  of  the 
concrete  from  being  spalled  off.  It  is  claimed  that  armored  joints 
require  less  maintenance  than  other  types,  but  they  are  more  ex- 
pensive to  construct. 

The  joints  are  undoubtedly  the  weakest  feature  of  the  concrete 
pavement;  and  no  matter  what  type  of  joint  is  used,  they  must  be 
given  frequent  and  careful  attention  to  prevent  rapid  deterioration 
of  the  pavement  adjacent  to  them. 

In  the  past,  contraction  joints  of  all  types  have  usually  been  placed 
at  right  angles  to  the  line  of  the  pavement.  This  method  of  con- 
struction has  the  disadvantage  that  two  wheels  of  a  vehicle  strike  the 
joint  at  the  same  time  and  thus  produce  the  maximum  amount  of 
impact.  By  skewing  the  joint  at  an  angle  of  about  15  degrees  the 
wheels  strike  one  at  a  time,  and  the  total  resultant  impact  is  reduced 
by  at  least  one-half.  This  is  advantageous  to  both  the  traffic  and  the 
pavement,  and  since  the  difficulties  involved  in  constructing  skewed 
joints  are  not  at  all  serious,  there  is  no  apparent  objection  to  their 
use. 

PROTECTING  AND  CUBING  THE  CONCRETE. 

The  quality  of  the  concrete  depends  to  a  great  extent  upon  the  con- 
ditions under  which  it  sets  or  hardens.  When  early  exposed  to  dry 
air,  for  example,  water  is  evaporated  out,  thereby  greatly  accelerat- 
ing the  shrinkage  of  the  concrete  and  delaying  the  process  of  setting. 
It  is  evident  that  these  results  form  a  very  effective  combination  for 
producing  cracks.  The  effect  of  freezing  on  concrete  is  still  more 
harmful;  not  only  are  cracks  produced,  but  the  internal  structure 
of  the  concrete  is  also  damaged. 

The  precautions  that  must  be  taken  in  order  to  protect  a  newly 
constructed  concrete  pavement  during  the  process  of  curing  depend 
largely  on  the  weather  conditions.  In  drying  weather  small  hair- 
like cracks  will  frequently  begin  to  form  almost  as  soon  as  the 
surface  of  the  concrete  is  finished,  and  unless  the  concrete  is  quickly 
covered  and  protected  from  the  air  these  cracks  increase  in  size 
very  rapidly.  At  other  times,  when  the  atmosphere  is  moist,  the 
concrete  may  sometimes  be  permitted  to  stand  for  several  hours 
before  being  covered,  without  any  danger  of  cracks  forming.  Heavy 
canvas  made  into  sections  of  convenient  length  and  proper  width 
should  be  used  for  covering  the  concrete  surface  (PI.  Ill,  fig.  2). 
The  canvas  should  be  spread  over  the  pavement  as  soon  as  this 
can   be   done   without  marring  the  surface.     Under   unfavorable 
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atmospheric  conditions  it  is  sometimes  better  to  spread  the  canvas 
immediately  after  the  surface  is  finished,  even  at  the  risk  of  marring 
the  surface  slightly,  than  to  run  the  risk  of  having  cracks  develop 
in  the  pavement.  The  canvas  should  be  sprinkled  until  thor- 
oughly wet  immediately  after  it  is  spread  and  should  be  kept 
wet  imtil  removed  and  replaced  with  an  earth  covering.  Under 
ordinary  weather  conditions  about  24  hours  will  be  required  for 
the  concrete  to  set  sufficiently  hard  not  to  be  damaged  by  men  walk- 
ing upon  it  while  covering  it  with  earth.  The  canvas  should  there- 
fore usually  remain  on  the  pavement  about  one  full  day.  Imme- 
diately after  the  canvas  is  removed  the  pavement  should  be  covered 
with  a  layer  of  earth  about  2  inch«B  thick,  which  should  remain  on 
the  pavement  and  be  kept  constantly  wet  for  a  period  of  about  two 
weeks.  During  this  period  the  roadway  should  be  kept  entirely 
closed  to  traffic.  If  the  weather  conditions  are  favorable  the  concrete 
ought  to  be  sufficiently  strong  to  withstand  traffic  at  the  end  of  two 
weeks.  In  cold  or  otherwise  unfavorable  weather  the  earth  cover- 
ing should  preferably  be  thicker  than  2  inches  and  left  in  place  for 
a  longer  period  of  time.  No  concrete  should  be  laid  during  freezing 
weather,  but  if  danger  of  freezing  develops  after  the  concrete  is 
laid  and  before  it  sets,  the  first  cover  of  canvas  should  be  supple- 
mented in  some  way  in  order  to  prevent  damage  to  the  pavement. 
This  may  be  done  by  spreading  over  it  a  layer  of  straw,  or  by  using 
two  thicknesses  of  the  canvas,  if  this  is  practicable. 

The  protection  of  the  concrete  is  an  extremely  important  feature 
of  concrete-pavement  construction.  It  is  impossible  to  secure  satis- 
factory results  unless  some  such  precautions  as  those  described  above 
are  taken  to  prevent  the  concrete  from  drying  out  too  rapidly  after 
it  is  placed,  and  to  insure  that  it  sets  ud  imder  uniformly  favorable 
conditions. 

THE   USE   OF  REINFOBCING    STEEL, 

Probably  the  most  satisfactory  method,  in  point  of  efficiency,  yet 
devised  for  reducing  the  number  of  objectionable  cracks  in  concrete 
pavements  is  that  of  employing  steel  reinforcement.  The  reinforce- 
ment usually  consists  of  woven  wire  or  some  similar  material,  though 
there  is  no  apparent  reason  why  plain  round  or  square  rods  might 
not  be  satisfactorily  used.  One-quarter-inch  round  rods  embedded 
about  2  inches  above  the  lower  surface  of  the  pavement  and  spaced 
jibout  12  inches  center  to  center  in  both  directions  would  seem  suflB- 
cient  to  eliminate  practically  all  objectionable  cracking,  provided 
proper  joints  were  introduced  at  changes  in  the  grade  and  at  curves 
in  the  alignment.  But  any  satisfactory  system  of  reinforcement  will 
probably  add  from  15  to  20  cents  per  square  yard  to  the  cost  of  the 
pavement,  and  this  additional  cost  is  no  doubt  responsible  for  the 
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Plate  VII. 


Diagram  Showing  Results  of  Hardness  Tests  of  Cement  Mortars. 
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Plate  VIM. 
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Diagram  Showing  Results  of  Toughness  Tests  of  Cement  Mortars. 
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Plate  IX. 


Diagram  Showing  Results  of  Crushing   Strength  Tests  of  Cement 

Mortars. 
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Plate  X. 
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Fia  1  .—Typical  Section  of  Concrete  Roadway. 

side  ditches  Rhould  be  of  sufficient  size  to  dispose  of  all  drainage;  C  may  vary  from  V»  to  W; 
when  w  exceeds  20  feet  make  joint  in  center  and  crown  subgrade;  k  varies  from  6  to  12  inches. 
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FiQ.  2.— Typical  Design  for  Strike  Board. 


FiQ.  3.— Wooden  Strike  Board. 


■\--, 


yL->i->i 


i  »tcir 


^v. 


FiQ.  4.— Steel  Tamper. 


n-e 


.(} 


/^  Z^tton  /  'fhick o^ 


-^ 


fhndMe 


6-0 


FiQ,  5.— Long  Wooden  Float. 


Digiti 


zed  by  Google 


Bui.  249,  U.  S.  Dept.  of  Agriculture. 


Plate  XI. 
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UC^ATfON 
FiQ.  1.— Typical  Design  for  Finisher's  Bridge. 
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FiQ.  2.— Typical  Cross  Section  of  Concrete  Gutter  and  Design  for  a  Template 
TO  BE  Used  in  Its  Construction. 
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FiQ.  3.— Diagram  Showing  Distribution  of  Force,  Using  2-Baq  Mixer. 

A,  foreman;  B.  sabforeman;  C.  finisher;  D.  2  laborers  striking  and  tamping;  E,  8  laborers  placing 
concrete  and  assisting  in  striking;  F,  mixer  tender;  O,  laborer  cleaning  subgrade  and  setting 
joints;  H,  mixer  engineer:  I,  fireman,  also  sprinkles  subgrade;  J,  laborer  assisting  wheelers  and 
cement  handlers;  K,  2  laborers  handling  cement;  L,  2  laborers  wheeling  sand;  M,  8  laborers 
wheeling  coarse  aggregate;  N.  2  laborers  loading  sand;  P.  4  laborers  loading  coarse  aggregate; 
Q.  laborer  sprinkling  pavement;  R,  water  boy.  Total,  2  foremen  and  25  laborers,  o  indicates 
wheelbarrow. 


Fig.  4.— Diagram  Showing  Distribution  of  Force,  Using  3-Bag  Mixer. 

A,  foreman;  B,  snbforeman  on  placing  concrete;  C,  subforeman  on  charging  mixer;  D.  2  laborers 
striking;  E,  2  laborers  tamping;  F,  2  finishers;  O,  8  laborers  placing  concrete;  H,  mixer  tender; 
I,  laborer  cleaning  subgraae  and  setting  Joint*);  J.  mixer  engineer;  K,  fireman,  also  sprinkles 
subgrade;  L,  laborer  assisting  wheelers;  Sf,  3  laborers  wheeling  sand;  N,  4  laborers  wheeling 
coarse  aggregate;  O,  2  laborers  wheeling  cement;  P,  2  laborers  handling  cement;  Q,  laborer 
opening  bags;  R,  3  laborers  loading  sand;  S,  4  laborers  loading  coarse  aggregate;  T,  2  laborers 
sprinkling  pavement;  U,  water  boy.  Total,  3  foremen  and  86  laborers,  o  indicates  wheel- 
barrow. 
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fact  that  concrete  pavements  are  seldom  reinforced.  Fmthermore, 
reinforced  pavements  are  more  diflBcult  to  repair  than  those  made  of 
plain  concrete,  which  may  be  a  very  serious  objection  under  some 
circumstances. 

GI7TTEB6. 

It  is  frequently  desirable  to  provide  concrete  pavements  with  paved 
gutters  in  order  to  prevent  the  side  ditches  from  eroding.  Plate  XI, 
figure  2,  shows  a  typical  design  for  a  concrete  gutter.  This  design 
has  been  frequently  used  and  has  usually  proved  to  be  satisfactory. 
A  suitable  strike  board  for  forming  this  gutter  is  also  shown  in  the 
figure. 

It  is  impracticable  to  construct  the  pavement  and  the  gutter  at 
the  same  time,  and  on  account  of  the  convenience  of  using  the  pave- 
ment as  a  platform  for  material  and  for  mixing  concrete  for  tho 
gutter  the  pavement  is  usually  constructed  first.  When  there  is  no 
space  between  the  gutter  and  pavement  the  joints  should  always  be 
continued  through  both.  If  this  is  not  done,  the  joints  in  each  are 
apt  to  be  continued  as  cracks  in  the  other. 

CUBBS. 

Concrete  pavements  on  country  roads  are  not  generally  provided 
with  curbs,  because  it  is  usually  desirable  to  use  the  shoulders  as  part 
of  the  roadway.  Under  some  circumstances,  however,  curbs  may  be 
employed  to  advantage.  For  example,  in  deep  cuts  it  might  be  jus- 
tifiable economy  to  omit  the  shoulders  and  side  ditches  and  provide 
curbs  along  the  edges  of  the  pavement  so  that  the  sides  of  the  pave- 
ment would  serve  as  gutters.  Likewise,  on  very  deep  fills  curbs  are 
sometimes  used  to  protect  slopes  from  erosion.  When  this  is  done 
it  is  necessary  to  provide  catch  basins  at  low  points  in  the  grade. 

BITUMINOUS  WEABING  SURFACE. 

Since  1906  a  number  of  experiments  have  been  made  in  an  effort  to 
develop  some  satisfactory  method  of  constructing  a  bituminous  wear- 
ing surface  on  concrete  pavements.  Various  kinds  of  bituminous 
materials  have  been  used  and  several  methods  of  applying  them 
have  been  tried.  Some  of  the  surfaces  are  reported  to  have  given 
moderately  good  service  under  light  traffic,  but  in  general  they  have 
not  been  durable  where  the  traffic  is  at  all  heavy.  The  uneven  man- 
ner in  which  they  fail  tends  to  produce  excessive  wear  on  portions  of 
the  concrete,  and  renewals  should  be  made  promptly  as  needed. 

The  principal  advantages  claimed  for  bituminous  wearing  surfaces 
on  concrete  pavements  are: 

(1)  They  make  it  possible  to  substitute  continuous  maintenance  for 
periodic  renewals  of  the  pavement. 
92750"— Bull.  249—15 3 
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(2 )  They  reduce  the  noise  made  by  the  impact  of  horses'  hoofs  and 
steel-tired  wheels. 

(8)  They  remove  the  principal  objection  to  bituminous  expansion 
and  contraction  joints. 

(4)  They  overcome  the  somewhat  objectionable  glare  of  concrete 
pavements  in  strong  light,  though  this  objection  may  also  be  overcome 
with  nuich  less  cost  by  sprinkling  the  pavement  with  crude  water- 
gas  tar. 

The  principal  disadvantages  may  be  inferred  from  what  has 
already  been  said.  It  is  also  well  to  note  that,  where  traffic  condi- 
tions are  such  as  to  make  a  bituminous  surface  practicable  on  a  con- 
crete road,  a  bituminous-surfaced  macadam  road  might  also  be  prac- 
ticable and  would  certainly  be  cheaper  to  construct,  unless  the  diffi- 
culties involved  in  securing  suitable  stiHie  for  the  macadam  were 
very  imusual. 

In  constructing  bitimiinous  surfaces  on  concrete  it  is  essential  to 
have  the  surface  of  the  concrete  entirely  clean  and  free  from  laitance 
when  the  bitumen  is  spread.  Generally  about  one-half  gallon  of 
bitumen  to  the  square  yard  is  put  on  in  either  one  or  two  applications, 
by  hand  or  by  means  of  pressure  distributors.  It  is  sometimes  swept 
with  hand  brooms  in  order  to  make  it  adhere  better  to  the  pavement. 
Hot  applications  have  hitherto  been  almost  exclusively  used,  though 
there  is  no  apparent  reason  why  materials  which  could  be  spread  cold 
might  not  be  employed  with  equally  satisfactory  results. 

After  the  bitumen  has  been  spread  as  described,  it  is  covered  with 
coarse  sand,  pea  gravel,  or  stone  chips,  applied  at  the  rate  of  1  cubic 
yard  to  from  75  to  100  square  yards  of  surface.  The  road  may  be 
opened  to  traffic  almost  immediately  after  the  sand  or  stone  chips  are 
spread.  Plato  V  shows  the  conditions  of  diflPerent  concrete  roads 
with  bituminous  wearing  surfaces  after  certain  periods  of  service. 

It  is  realized  that  the  above  discussion  of  bituminous  wearing  sur- 
faces falls  very  far  short  of  furnishing  a  guide  for  undertaking  work 
of  that  kind.  The  available  data  upon  this  subject,  however,  are  not 
considered  sufficient  to  form  a  basis  for  a  more  comprehensive  discus- 
sion. Not  only  have  contradictory  results  been  reported  by  different 
engineers  concerning  the  same  methods  of  construction,  but  the  re- 
sults now  being  obtained  from  carefully  conducted  experiments  by 
the  Office  of  Public  Koads  with  different  materials  and  different 
construction  methods  do  not  yet  seem  to  warrant  any  definite  state- 
ments as  to  what  materials  are  best  adapted  for  such  work  nor  which 
construction  method  will  give  the  best  results,  though  they  do  indi- 
cate in  a  general  way  that  tars  are  preferable  to  asphalts  for  this 
purpose. 
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METHODS,  ORGANIZATION,  AND  EQUIPMENT. 

When  it  is  considered  that  ordinarily  from  one-third  to  one-half 
of  the  total  cost  of  constructing  a  concrete  pavement  is  for  the  labor 
employed  in  doing  the  work  after  the  materials  are  delivered,  the 
importance  of  eflScient  organization,  proper  equipment,  and  eco- 
nomical methods  becomes  readily  apparent.  Failure  to  give  these 
features  proper  consideration  may  easily  result  in  adding  from  10 
to  20  per  cent  to  the  cost  of  a  concrete  pavement,  and  has  no  doubt 
frequently  caused  road  contractors  to  sustain  a  net  loss  on  projects 
of  this  kind,  where  profits  might  have  been  made. 

It  is  not  the  province  of  this  bulletin  to  furnish  detailed  rules  for 
the  guidance  of  contractors  in  planning  and  executing  their  work, 
but  it  seems  desirable  to  discuss  briefly  a  few  important  points  which 
contractors  and  engineers  in  charge  of  force-account  work  should 
consider  in  connection  with  concrete-pavement  construction.  The 
points  which  are  of  most  importance,  and  to  which  the  discussion 
will  be  confined,  are  concerned  with,  first,  the  proper  order  and 
progress  of  the  work;  second,  the  economic  handling  of  materials; 
and  third,  the  amount  of  capital  necessary  to  carry  on  such  work 
economically. 

OBDEB  AND  PROGRBSS  OF  THE  WORK. 

In  constructing  a  concrete  pavement  it  is  especially  desirahle  that 
the  work  of  mixing  end  placing  the  concrete  be  as  nearly  continuous 
as  practicable  after  it  is  once  begun.  Where  the  mixer  is  permitted 
to  stand  idle  for  even  a  few  days  the  force  of  laborers  employed  in 
operating  it  will  usually  become  more  or  less  disorganized,  and  an 
appreciable  amount  of  loss  and  unsatisfactory  work  will  generally 
result  when  the  mixing  is  resumed.  On  this  account  the  order  and 
progress  of  the  work  should  ordinarily  be  planned  with  the  primary 
view  to  keeping  the  mixer  going  full  time  every  working  day  that 
the  weather  will  permit.  This  means  that  ample  provision  should 
be  made  for  completing  the  drainage  structures,  the  grading,  and 
the  preparation  of  the  subgrade  well  ahead  of  the  mixer,  as  well  as 
for  supplying  the  mixer  with  all  necessary  materials. 

The  drainage  structures  should  preferably  be  completed  in  ad- 
vance of  the  grading  in  order  to  obviate  the  necessity  for  moving 
embankment  material  the  second  time.  Where  the  concrete  mate- 
rials are  to  be  hauled  out  by  means  of  an  industrial  railway,  how- 
ever, it  is  usually  impracticable  to  extend  the  railway  ahead  of  the 
grading,  and  the  saving  effected  in  hauling  the  materials  for  the 
drainage  structOTes  on  the  industrial  railway  may  justify  permitting 
the  grading  to  proceed  ahead  of  the  drainage  structures. 
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Kather  than  construct  a  concrete  culvert  sufficiently  far  in  ad- 
vance for  the  subgrade  to  be  prepared  before  the  mixer  arrives,  it 
may  sometimes  be  economical  to  leave  out  a  section  of  the  pavement 
over  the  culvert.  But  the  extra  expense  involved  in  going  back  and 
putting  in  a  section  of  this  kind  after  the  work  of  laying  the  pave- 
ment has  progressed  a  considerable  distance  ahead  is  usually  con- 
siderable and  is  often  underestimated  by  contractors.  This  method 
of  doing  the  work  also  involves  a  delay  in  opening  the  road,  and  as 
a  rule  is  very  objectionable  on  that  account. 

The  work  of  preparing  the  subgrade  and  setting  the  forms  should 
preferably  proceed  sufficiently  far  in  advance  of  the  mixer  to  allow 
for  two  or  three  days'  run.  The  prepared  subgrade,  if  properly 
drained,  dries  out  much  more  rapidly  after  rains  than  the  rough 
grade,  and  thus  it  is  possible  to  resume  the  placing  of  concrete  much 
earlier  than  when  the  roadbed  has  not  been  shaped  and  rolled.  A 
soaking  rain  will  usually  cause  the  prepared  subgrade  to  heave 
slightly  and  make  rerolling  necessary,  but  ordinarily  this  is  a  very 
small  item. 

OPERATING  THE  CONCRETE  MIXER. 

In  general  it  is  economical  to  employ  a  mixer  of  the  street-paving 
type  for  mixing  and  placing  the  concrete,  though  in  some  cases  it 
has  proved  satisfactory  to  do  the  mixing  in  stationary  mixers  and 
haul  the  concrete  out  to  its  place  in  the  road.  This  latter  method  is 
applicable  to  relatively  only  a  very  few  sets  of  conditions,  however, 
and  will  therefore  not  be  discussed  in  detail. 

There  are  two  sizes  of  street-paving  mixers  commonly  used  in 
concrete  road  construction.  The  smaller  is  capable  of  mixing  a 
batch,  of  the  proportions  usually  required,  containing  two  bags  of 
cement,  and  the  larger  will  mix  a  batch  containing  three  bags  of 
cement.  The  larger  size  is  economical  where  materials  can  be 
rapidly  obtained  and  where  the  amount  of  work  to  be  done  is 
sufficient  to  warrant  providing  equipment  for  handling  the  materials 
necessary  to  keep  the  larger  mixer  running  up  to  its  capacity.  Where 
the  materials  can  be  economically  obtained  only  at  a  slow  rate,  or 
where  the  expense  of  providing  facilities  for  handling  large  quan- 
tities of  materials  would  be  excessive,  the  smaller  size  of  mixer  is 
more  economical  to  use.  When  efficiently  operated,  either  size  of 
mixer  should  ordinarily  mix  from  400  to  450  batches  of  concrete  in 
a  working  day. 

Organizing  a  force  of  laborers  to  operate  a  paving  mixer  effi- 
ciently recjuires  considerable  skill  in  handling  men.  The  best  results 
are  generally  obtained  when  a  mixer  is  fully  manned  and  each 
laborer  is  assigned  definite  work  to  perform. 

The  accompanying  diagrams,  Plate  XI,  figures  3  and  4,  illustrate 
mixer  organizations  for  the  two  sizes  of  mixers  in  general  use,  whidi 
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were  worked  out  by  a  contractor  of  considerable  experience.  Labor- 
ers for  preparing  the  subgrade,  setting  the  forms,  and  for  covering 
the  concrete  with  earth  should  be  provided  in  addition  to  those 
called  for  in  the  diagrams. 

HANDUN6  MATERIALS. 

One  of  the  most  difficult  problems  which  has  to  be  solved  in  con- 
nection with  concrete  road  construction  is  that  of  determining  the 
proper  methods  to  employ  in  handling  and  delivering  the  materials 
for  the  concrete.  The  different  kinds  of  material  required  must  be 
delivered  to  the  mixer  in  definite  proportions  at  the  same  time,  and 
it  is  evident  that  the  location  of  the  several  sources  from  which  the 
materials  are  obtained,  with  respect  to  each  other  and  to  the  road, 
will  have  a  very  great  influence  in  determining  the  most  economical 
transportation  methods. 

Consider,  for  example,  a  project  on  which  is  used  a  concrete 
mixer  of  the  street-paving  type  which  mixes  a  batch  containing 
three  sacks  of  cement.  If  the  work  is  to  progress  normally,  the 
quantities  of  the  different  materials  required  each  day  will  be 
approximately  as  follows : 

Cement   barrels—      320 

Sand cubic  yards—        70 

Coarse  aggregate do 140 

Water gallons—  8, 800 

In  addition  to  the  above,  if  the  mixer  nms  continuously,  about 
10,000  gallons  of  water  will  be  required  each  day  for  keeping  wet 
that  part  of  the  pavement  which  will  have  been  laid  during  the  two 
preceding  weeks,  and  for  sprinkling  the  subgrade  before  the  con- 
crete is  placed.  This  makes  the  total  weight  of  water  which  may 
be  required  each  day  about  75  tons,  and  the  total  weight  of  all  the 
materials  combined  about  420  tons  per  day. 

The  importance  of  the  water  supply  is  not  always  appreciated  by 
contractors  and  engineers,  and  the  provision  made  for  delivering 
water  on  the  work  has  sometimes  been  entirely  inadequate.  Another 
frequent  error  is  that  of  overestimating  the  amount  of  water  which  a 
chosen  stream  is  capable  of  supplying.  In  general,  the  most  practi- 
cable method  of  delivering  the  water  is  to  pump  it  through  a  pipe  line 
laid  along  the  road.  The  pipe  should  be  at  least  2  inches  in  diameter, 
and  for  the  mixer  imder  consideration  the  pump  should  be  capable 
of  furnishing  about  25,000  gallons  of  water  in  10  hours  to  any  point 
on  the  pipe  line.  Ordinarily  at  least  10,000  feet  of  pipe  will  be 
required  if  the  concrete  is  to  be  sprinkled  for  two  weeks  after  it  is 
laid. 
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The  proper  method  of  handling  the  cement  is  sometimes  con- 
siderably affected  by  tiie  requirements  which  the  specifications  pro- 
vide regarding  tests.  Some  specifications  require  that  the  cement 
shall  be  held  imtil  the  results  of  the  28-day  test  are  reported,  while 
others  permit  its  use  as  soon  as  it  has  satisfactorily  passed  such 
tests  as  may  be  made  within  seven  days.  If  any  tests  of  consequence 
are  required  and  the  sampling  is  not  done  until  the  cement  arrives  at 
the  nearest  railroad  station,  it  will  be  necessary  either  to  unload  and 
store  it  or  pay  demurrage  charges.  This  difficulty  may  be  overcome  to 
some  extent  by  placing  an  inspector  at  the  cement  plant  to  collect  and 
forward  samples  to  the  testing  laboratory  as  so(m  as  the  cars  are 
loaded.    The  testing  may  then  be  begun  while  the  cars  are  en  route- 

Another  plan  sometimes  employed  to  lessen  the  demurrage  and 
avoid  rehandling  is  to  purchase  bin-tested  cement  and  have  the  cars 
loaded  under  the  supervision  of  an  inspector.  When  this  is  done,  the 
cement  may  be  used  as  soon  as  it  arrives  on  the  work,  but  the  custom 
of  cement  manufacturers  to  make  a  slight  additional  charge  for  bin- 
tested  cement  may  entirely  offs^  the  economical  advantages  gained  by 
its  use. 

No  matter  what  the  arrangements  for  testing  the  cement  may  be, 
provision  should  usually  be  made  for  storing  near  the  work  sufficient 
cement  to  keep  the  mixer  going  for  four  or  five  days,  in  case  that 
shipments  are  delayed,  as  frequently  happens. 

In  general,  the  most  satisfactory  method  of  hauling  the  materials 
for  the  concrete  is  by  means  of  an  industrial  railway  constructed 
along  one  shoulder  of  the  road,  though  this  method  is  not  always  the 
most  economical.  Teams,  traction  engines  with  trailers,  and  motor 
trucks  with  or  without  trailers  have  each  been  frequently  used  for 
this  purpose,  and  are  no  doubt  each  economically  best  adapted  to 
certain  sets  of  conditions.  But  all  of  these  are  objectionable  from  a 
construction  standpoint  on  account  of  the  damage  which  they  usually 
do  to  the  subgrade. 

Among  the  advantages  possessed  by  an  industrial  railway  for  haul- 
ing the  concrete  materials  are : 

(1)  Materials  may  be  delivered  without  disturbing  the  subgrade- 

(2)  The  railway  may  be  readily  operated  along  the  shoulder  of  a 
newly  laid  pavement,  which  makes  it  practicable  to  prosecute  the 
work  at  any  desired  point. 

(3)  Hauling  is  affected  comparatively  little  by  weather  conditions. 

(4)  Where  there  is  sufficient  work  to  keep  an  industrial  railway 
outfit  busy,  it  is  usually  economical,  especially  where  the  size  of 
the  projects  is  such  that  the  railway  can  be  operated  continuously 
throughout  a  season  on  the  same  project.  The  purchase  of  an  indus- 
trial railway  outfit,  however,  usually  involves  a  greater  outlay  of 
capital  than  is  desirable  for  a  single  project. 
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From  a  purely  economical  standpoint  the  choice  of  means  for  haul- 
ing the  materials  would  probably  be  made  about  as  follows: 

First  Where  the  maximum  haul  does  not  exceed  3  miles  and  the 
amount  of  concrete  to  be  laid  does  not  exceed  about  5,000  cubic  yards, 
team  haul  would  probably  be  economical. 

Sec(Hid.  If  the  amount  of  concrete  to  be  laid  exceeds  about  5,000 
cubic  yards,  or  if  the  maximum  haul  exceeds  about  3  miles,  and  the 
materials  are  hauled  in  from  the  same  direction,  an  industrial  rail- 
way, tractors,  or  motor  trucks  may  be  economically  used. 

Third.  Where  the  materials  are  hauled  in  from  eadi  end  of  the 
road,  or  where  it  is  desired  to  operate  more  than  one  mixer  at  the 
same  time,  the  industrial  railway  is  usually  more  practical  and 
economical. 

Where  the  sand  and  coarse  aggregate  are  shipped  in  by  rail,  the 
work  of  unloading  the  railroad  cars  and  loading  the  wagons  or  cars 
in  which  the  materials  are  to  be  hauled  out  to  the  work  can  usually 
be  most  economically  done  by  means  of  machinery  especially  adapted 
to  this  kind  of  work.  In  order  to  avoid  paying  demurrage,  and  to 
have  the  materials  on  hand  when  they  are  needed,  it  is  nearly  always 
necessary  to  handle  a  considerable  part  of  the  materials  the  second 
time.  Hence  it  may  be  desirable  to  have  two  sets  of  unloading  and 
loading  machinery  in  cases  where  the  stock  piles  and  bins  are  located 
out  on  the  work  instead  of  at  the  siding  where  the  materials  are 
delivered. 

The  kind  of  unloading  and  loading  device  to  employ  depends  to 
a  very  great  extent  on  the  quantities  of  materials  to  be  handled  and 
the  other  conditions*  to  be  met.  If  the  stock  piles  and  bins  are  ad- 
jacent to  the  siding  where  the  materials  are  delivered,  and  a  consid- 
erable quantity  of  work  is  to  be  done,  a  locomotive  crane  may  fre- 
quently be  used  to  advantage,  while,  if  the  stock  piles  and  bins  are 
out  on  the  work,  it  may  be  economical  to  handle  the  material  at  the 
siding  with  scrapers  or  similar  devices  and  install  an  elevating  device 
at  the  bins  where  the  materials  are  stored.  In  other  cases  the  extent 
of  the  work  may  not  be  suflScient  to  warrant  any  machinery  whatever 
for  handling  the  materials,  in  which  event  the  handling  may  be  rather 
expensive. 

CAPITAL  BEQIHRED. 

The  amount  of  capital  required  to  carry  on  concrete  road  construc- 
tion successfully  depends  almost  wholly  on  the  size  of  the  project  and 
the  circumstances  under  which  the  work  is  to  be  done.  Where  a  con- 
siderable quantity  of  work  is  to  be  done  in  the  same  community  it 
may  be  possible  to  keep  a  very  elaborate  equipment  busy,  even  though 
the  individual  projects  are  comparatively  small.  On  the  other  hand, 
it  may  be  poor  economy  to  provide  more  than  the  smallest  practicable 
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equipment  for  a  rather  large  project  in  a  community  where  few  other 
concrete  roads  are  likely  to  be  constructed. 

The  equipment  necessary  for  handling  and  hauling  the  materials 
frequently  represents  a  much  greater  outlay  of  capital  than  all  other 
expenditures  combined,  but,  as  has  already  been  pointed  out  in  dis- 
cussing the  handling  of  materials,  the  conditions  affecting  this  fea- 
ture of  the  work  are  subject  to  great  variation.  A  general  discussion 
as  to  the  cost  of  this  part  of  the  equipment,  therefore,  would  usually 
be  of  small  value  in  connection  with  any  particular  project  and  will 
not  be  undertaken. 

The  equipment  necessary  for  doing  the  rough  grading  in  connec- 
tion with  concrete  road  work  is  not  essentially  different  from  that 
required  for  grading  other  types  of  roads.  Since  the  amount  of  cap- 
ital necessary  to  provide  grading  equipment  to  suit  various  sets  of 
conditions  is  familiar  knowledge  to  practically  all  road  engineers 
and  contractors,  this  feature  will  not  be  discussed  here. 

The  capital  required  to  provide  equipment  for  preparing  the  sub- 
grade  and  mixing  and  placing  the  concrete  depends  on  the  rate  at 
which  it  is  purposed  to  carry  on  the  work.  The  lists  given  below 
show  the  approximate  cost  of  outfits  using  either  a  2-bag  or  a  3-bag 
mixer. 

Outfit  Xo.  1  (2'J)ag  imxcr), 

1  rboter  plow $50 

1    road  grader 300 

1  heavy  4-horse  plow 30 

Shovels,  picks,  and  other  smaU  tools 75 

1  10-ton  macadam-type  road  roUer 2,500 

1,S00  feet  of  steel  forms,  complete  with  stakes,  etc 200 

1  pump  and  engine  capable  of  delivering  at  least  1,500  gal- 
lons of  water  per  hour 175 

10.000  feet  of  2-inch  wrought-iron  water  pipe,  with  valves 

every  200  feet 950 

400  feet  of  rubber  hose,  with  couplings 80 

12    wheelbarrows 60 

1  concrete  mixer,  with  skip  and  distributing  device 1,600 

Strike  board,  tamper,  mortar  hoes,  sledges,  etc 100 

Total 6, 120 

Outfit  No,  2   {3-hag  mixer). 

1  rooter  plow $50 

1    road  grader 300 

1  heavy  4-horse  plow 30 

Shovels,  picks,  and  other  small  tools 100 

1  10-ton  macadam-type  road  roller 2,500 

3,000  feet  of  steel  forms,  complete  with  stakes,  etc 325 

1  pump  and  engine  capable  of  delivering  at  least  2,500  gal- 
lons of  water  per  hour 300 

10,000  feet  of  2-inch  wrought-iron  water  pipe,  with  valves 

every  200  feet 950 
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600  feet  of  rubber  hose,  with  couplings $120 

20    wheelbarrows 100 

1  concrete  mixer,  with  skip  and  distributing  device 2,000 

Strike  board,  tamper,  mortar  hoes,  sledges,  etc 100 

Total 6,  875 

Ordinarily  the  method  of  paying  for  the  work  should  enable  the 
contractor  to  meet  most  of  his  bills  for  labor  and  materials  after  the 
first  one  or  two  estimates,  so  that  the  total  amount  of  capital  required 
for  carrying  on  the  work  need  not  greatly  exceed  the  cost  of  the 
equipment.  For  the  average  small  project,  where  no  very  elaborate 
equipment  is  required  to  handle  the  materials,  it  seems  that  a  total 
working  capital  of  about  $10,000  should  be  sufficient. 

COST  OF  CONCRETE  PAVEMENTS. 

The  cost  of  concrete  pavements  is  almost  wholly  dependent  on 
local  conditions,  and  the  conditions  are  seldom  exactly  the  same, 
even  for  two  projects  in  the  same  locality.  It  is  therefore  evident 
that  a  tabulation  of  cost  figures  for  projects  which  have  already 
been  completed  would  be  of  little  service  in  estimating  the  cost  of 
new  work,  unless  the  conditions  which  affected  the  cost  of  the  com- 
pleted work  could  be  fully  compared  with  those  under  which  the 
proposed  work  is  to  be  done.  Furthermore,  some  of  the  conditions 
whiclj  affect  the  cost  of  work  are  extremely  uncertain.  Among  these 
are  the  weather,  the  efficiency  of  labor,  and  what  is  commonly  called 
the  element  of  luck.  These  may  all  influence  the  cost  of  a  project  to 
a  considerable  extent,  but  their  influence  can  seldom  be  expressed  in 
definite  figures. 

The  most  satisfactory  method  of  arriving  at  the  probable  cost  of  a 
proposed  pavement  is  first  to  ascertain  by  careful  measurements  and 
computations  the  quantities  of  the  materials  to  be  used  and  the  va- 
rious kinds  of  work  to  be  done.  An  itemized  estimate  based  on  these 
quantities  and  the  unit  costs  which  prevail  in  the  community  for  such 
materials  and  work  may  then  be  made.  To  this  estimate  should  or- 
dinarily be  added  a  reasonable  amount  to  cover  unforeseen  con- 
tingencies, and,  also,  if  the  work  is  to  be  done  by  contract,  a  fair 
profit  for  the  contractor.  From  15  to  20  per  cent  of  the  estimated 
cost  is  usually  considered  sufficient  to  cover  these  items. 

In  order  to  appreciate  the  importance  of  considering  the  different 
items  separately  in  preparing  an  estimate  of  cost,  it  is  necessary  only 
to  consider  briefly  the  great  amoimt  of  variation  in  unit  costs. 

The  grading  is  usually  paid  for  by  the  cubic  yard  of  excavation, 
and  the  cost  varies  not  only  with  the  quantity  but  is  greatly  influenced 
by  the  character  of  the  soil.  In  light,  easily  loosened  soils  grading 
may  usually  be  done  at  from  25  to  40  cents  per  cubic  yard.  In  hard 
earth  containing  more  or  less  loose  rock  the  cost  per  cubic  yard  gen- 
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erally  varies  from  40  to  75  cents,  while  grading  in  solid  rock  may 
sometimes  cost  as  much  as  $1.50  per  cubic  yard.  It  is  well  to  con- 
sider the  cost  of  the  rough  grading  entirely  apart  from  the  cost  of 
tJie  pavement.  The  drainage  structures,  however,  may  be  consid- 
ered together  with  the  grading.  The  cost  of  these  varies  over  such  a 
wide  range  that  no  attempt  will  be  made  to  discuss  them  here. 

The  cost  of  shaping  and  rolling  the  subgrade  after  the  rough  grad- 
ing is  completed  is  generally  from  5  to  10  cents  per  square  yard. 
This  cost  should  be  included  with  the  other  items  which  make  up 
the  cost  of  the  pavement  proper. 

The  cost  of  the  concrete  depends  largely  on  the  cost  of  the  msi- 
terials  of  which  it  is  composed.  These  materials,  delivered  on  the 
work,  vary  in  cost  according  to  the  location  of  the  work  and  the 
freight  rates  about  as  follows:  Cement,  from  $1  to  $2.50  per  barrel; 
sand,  from  $0.00  to  $2  per  cubic  yard;  and  broken  stone  or  gravel, 
from  $0.60  to  $2  per  cubic  yard.  The  cost  of  mixing,  placing,  and 
finishing  the  concrete  ordinarily  varies  from  $0.60  to  $1.25  per  cubic 
yard,  and  depends  on  the  efficiency  of  the  organization  and  on 
whether  the  mixing  is  done  by  hand  or  machine.  For  machine  mix- 
ing and  labor  at  $0.20  per  hour,  $0.80  appears  to  be  a  fair  average 
cost  per  cubic  yard,  including  all  overhead  and  incidental  charges. 
The  cost  of  constructing  forms,  contraction  joints,  etc.,  including  the 
materials,  is  usually  from  $0.03  to  $0.10  per  square  yard.  Where  sim- 
ple types  of  joints  and  forms  are  used  this  cost  should  not  exceed 
about  $0.05  per  s(|uare  yard  of  pavement. 

The  following  actual  cost  records  taken  from  the  1912  annual  re- 
ports of  the  Illinois  State  Highway  Conmiission  should  prove  help- 
ful in  estimating  the  cost  of  new  work.  These  records  do  not  appear 
to  include  any  charges  for  the  use  of  tools  and  machinery,  but  such 
charges  should  properly  be  included  in  preparing  an  estimate. 

Table  II. — Cost  of  concrete  roads  in  Illinois. 


Project  No.  I. 

Project  No.  2. 

Project  No.  S. 

Labor  and  supplies. 

Totals. 

Per 
square 
yard. 

Totals. 

Per 
square 
yard. 

Totab. 

Per 
square 
jiird. 

Siiprriiitoii'l«'nco 

$140.00 
307.41 
2fi7.34 
414.63 
110.26 
1,017.63 
1,547.15 
48.67 

3a  75 
35.00 
45.18 

iaQ28 
.061 

.a'w 

.083 
.023 
.204 
.309 
.010 

.006 
.007 
.010 

$157. 50 
108.70 
795.05 
70a58 
131.46 
741.00 
2,307.90 
112.40 

25.00 
ZL75 

$0.0220 
.0153 
.1120 
.0986 
.0184 
.1050 
.3246 
.0156 

.0034 
.0047 

$202.00 
232.44 
608.50 
644.25 
383.75 
1,622.01 
1,65LI7 
206.74 

119.19 
18.33 

$aai6i 

Hhiipiti<  i>ul>f'r;i'lo     

.0115 

Loa'linj^  and  hauling  si^nil  and  stone 

M  ixinu  and  phicint;  concri'to 

.1078 
.1150 

Watchman  an«!  misooilancous  labor 

Co^t  of  sand  and  stone 

.0686 
.2897 

Cost  of  cement 

•  .2771 

K\ pension  joints 

.0860 

Coal  and  oil  for  mixer,  and  miscellaneous 
supplies     

.0213 

Forms  and  other  lumber 

.0033 

Filling'  exi)ansIon  joints  next  to  curbs 

RcinforcinR  steel 

loaoo 

591.73 

.0140 
.0^0 

Excaviition 

Trim mlng  shoulders 

211.38 

.0878 

Totab 

3,064.02 

.793 

6,803.07 

.8176 

6,'m.n 
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Dimensions  of  pavements,  len{/th  of  haul  for  nuiterials,  and  cost  of  cement  and 
amount  used  per  square  yard. 

Project  No.  1 : 

Area  of  parement  laid square  yards—  5, 000 

Thickness  of  pavement inches 6 

Width  of  pavement feet—        45 

Length  of  haul  for  materials mile—  i 

Cost  of  cement  per  barrel dollars—    1. 00 

Amount  of  cement  used  per  square  yard barrel..      .  29 

This  is  a  one-course  pavement  for  which  the  coarse  aggregate  was  gravel 
mixed  with  a  small  amount  of  Joliet  crushed  stone.  The  conditions  under 
which  the  pavement  was  constructed  appear  to  have  been  favorable.  The  cost 
is  low. 

Project  No.  2: 

Area  of  pavement  laid square  yards—  7,  111 

Thickness  of  pavement inches 64 

Width  of  pavement feet 16 

Length  of  haul  for  materials miles—  14 

CJost  of  cement  per  barrel dollar..  .  98 

Amount  of  cement  used  per  square  yard barrel—  .  33 

This  is  a  one-course  pavement.  The  sand  and  crushed  stone  were  both 
obtained  free  and  the  only  charges  were  for  freight.  A  newly  filled  sewer 
trench  made  it  necessary  to  cross-reinforce  a  small  part  of  the  pavement 
witli  i-inch  square  twisted  bars,  6  feet  long  and  12  inches  center  to  center. 
The  cost  of  this  section,  exclusive  of  grading,  was  only  $0.7336  per  square  yard. 
This  low  cost  was  largely  due  to  the  free  sand  and  crushed  stone. 

Project  No.  3  : 

Area  of  i>avement  laid square  yards—  5, 504 

Thickness  of  pavement inches—  7 

Width  of  pavement feet—        IS 

Length  of  haul  for  materials mile—  4 

CJost  of  cement  per  barrel dollars—  1.025 

Amount  of  cement  used  per  square  yard barrel—      .  29 

This  is  a  one-course  pavement,  and  the  coarse  aggregate  consisted  of  gravel. 
A^rmored  expansion  joints  were  used.  The  thickness  varies  from  8  inches  at 
the  center  to  6  inches  at  the  side.  Congestion  of  traffic  caused  some  expense 
and  delay.    The  cost,  however,  is  only  moderate. 

MAINTENANCE. 

The  shoulders,  slopes,  and  drainage  structures  of  concrete  roads 
require  the  same  kind  of  maintenance  as  other  types  of  improved 
roads  and  will,  therefore,  not  be  given  special  attention  here.  The 
maintenance  of  the  pavement  consists,  for  the  most  part,  in  repairing 
cup  holes,  cracks,  contraction  joints,  and  perhaps  the  renewal  of  an 
occasional  defective  area. 

Cup  holes  are  spots  in  the  surface  of  the  pavement  which  break 
down  under  traflSc  and  which  may  result  from  any  one  of  a  number 
of  causes.    The  most  frequent  cause  for  such  defects  is  the  presence 
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of  sticks,  lumps  of  clay,  particles  of  unsound  stone,  or  other  objec- 
tionable material  in  the  aggregates.  When  cup  holes  first  appear 
they  are  usually  from  1  to  2  inches  in  diameter  and  from  ^  to  1  inch 
in  depth,  but  they  become  gradually  enlarged  by  the  action  of  traffic 
in  loosening  and  abrading  the  concrete  around  their  edges,  and  unless 
promptly  repaired  they  may  soon  have  an  area  of  several  square  feet 
and  a  considerable  depth.  The  action  of  traffic  also  gradually  breaks 
away  the  concrete  at  the  edges  of  cracks  and  joints,  and  if  proper 
maintenance  is  not  provided  a  considerable  area  of  the  surface  of  the 
pavement  will  be  destroyed.  The  maintenance  of  cup  holes,  cracks, 
and  joints  usually  consists  of  filling  them  with  tar  and  covering  the 
tar  with  coarse  sand,  pea  gravel,  or  stone  chips.  Satisfactory  results 
can  be  secured  by  this  method  only  when  a  crew  with  proper  equip- 
ment and  materials  goes  over  the  road  making  necessary  repairs  at 
least  two  or  three  times  a  year. 

Where  defects  of  any  considerable  size  are  to  be  repaired  the  edges 
should  be  chiseled  down  until  they  are  approximately  vertical  and  not 
less  than  about  1  inch  deep.  The  hole  should  be  thoroughly  cleaned 
and  painted  with  tar,  after  which  it  should  be  filled  with  clean,  coarse 
stone  chips  thoroughly  grouted  with  tar.  The  surface  of  the  patch 
should  then  be  covered  with  coarse  sand,  pea  gravel,  or  fine  stone 
chips. 

Either  refined  water-gas  or  coal-gas  tar  may  be  used  for  making 
such  repairs,  and  the  Office  of  Public  Koads  has  obtained  satisfactory 
results  with  both  kinds.  There  is  some  difference  of  opinion  among 
engineers  as  to  just  what  consistency  the  tar  should  possess  in  order 
to  give  the  best  results,  but  the  most  general  requirement  in  this 
particular  seems  to  be  that  the  tar  when  subjected  to  the  float  test  in 
water  at  50°  C.  will  permit  the  float  to  sink  in  about  100  seconds.  In 
order  to  apply  a  tar  of  this  kind  satisfactorily  it  is  necessary  that  it 
be  heated  to  about  225°  F. 

The  repair  equipment  may  consist  of  a  small  portable  tar  kettle,  a 
horse  and  cart,  pouring  pots,  wire  brooms,  hammers,  and  stone 
chisels. 

WTien  it  becomes  necessary  to  renew  any  portion  of  the  pavement 
with  Portland  cement  concrete  that  portion  should  be  entirely  closed 
to  traffic,  and  the  concrete  should  be  mixed,  placed,  and  cured  in  the 
manner  described  in  the  discussion  of  construction.  The  edges  of  the 
old  concrete  should  be  thoroughly  cleaned  and  coated  with  neat 
cement  mortar  before  the  new  concrete  is  placed. 

A  properly  constructed  concrete  pavement  ought  to  wear  down 
imiformly  and  develop  few  defects.  Poorly  constructed  and  poorly 
maintained  contraction  joints  are  probably  responsible  for  more 
defects  of  the  kind  described  than  can  be  attributed  to  any  other  one 
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cause.    For  this  reason  the  contraction  joints  should  be  given  very 
careful  attention  at  the  time  of  construction. 

It  has  been  claimed  that  the  difficulty  involved  in  properly  main- 
taining defects  in  joints  and  cracks  and  the  inconvenience  attending 
periodic  renewals  of  the  pavement  may  be  largely  eliminated  by 
maintaining  a  bituminous  wearing  surface  over  the  concrete.  Until 
further  improvements  are  made  in  this  method  of  treating  concrete 
pavements,  however,  no  specific  recommendations  can  be  made. 

CONCLUSION. 

In  concluding  this  discussion  of  concrete  roads  the  principal  points 
may  be  summarized  as  follows : 

(1)  The  economic  efficiency  of  concrete  roads  is  undetermined  at 
present,  but  the  indications  are  that  this  type  of  construction  will 
prove  to  be  well  suited  for  certain  conditions. 

(2)  The  one-course  type  of  concrete  pavement  is  greatly  to  be  pre- 
ferred to  the  two-course  type,  but  there  are  conditions  under  which 
the  adoption  of  the  two-course  type  of  construction  may  be  justified. 

(3)  The  proportion  of  cement  to  the  sand  and  coarse  aggregate 
combined  should  not  be  less  than  about  1  to  5,  and  the  proportion  of 
sand  to  coarse  aggregate  should  not  be  less  than  1^  to  3,  nor  greater 
than  2  to  3.  Ordinarily,  when  gravel  is  used  as  coarse  aggregate,  the 
proportions  may  be  made  1  part  of  cement  to  IJ  parts  of  sand  to 
3  parts  of  gravel,  and  when  crushed  stone  is  used  as  coarse  aggregate, 
1  part  of  cement  to  If  parts  of  sand  to  3  parts  of  crushed  stone. 

(4)  All  types  of  contraction  joints  which  have  yet  been  devised 
require  careful  and  frequent  attention  in  order  to  prevent  rapid 
deterioration  of  the  pavement  in  their  vicinity.  It  appears  that  bet- 
ter results  are  obtained  by  spacing  the  joints  at  an  angle  of  about  75° 
to  the  center  line  of  the  road  than  when  they  are  placed  at  an  angle 
of  90°. 

(5)  Thin  bituminous  wearing  surfaces  for  concrete  pavements  can 
not  be  economically  justified  at  present.  It  is  possible  that  through 
experimental  investigations  some  method  of  constructing  such  surfaces 
to  give  uniformly  satisfactory  results  may  yet  be  devised.  If  this  is 
done,  the  maintenance  of  concrete  pavements  and  the  contraction- 
joint  problem  will  be  greatly  simplified. 

(6)  Intelligent  engineering  supervision  is  absolutely  essential  in 
concrete  pavement  construction,  because  defective  materials  or  work- 
manship can  not  be  readily  repaired  after  the  pavement  is  completed, 
and  they  are  not  usually  apparent  until  the  pavement  has  been  in  use 
for  some  time. 

(7)  It  is  believed  that  the  following  specifications  typify  the  best 
practice  which  has  been  developed  in  concrete  pavement  construction. 
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It  should  be  borne  in  mind,  however,  that  some  of  the  requirements 

which  they  contain  are  necessarily  tentative  and  will  probably  be 

modilied  as  expeiience  demonstrates  what  methods  of  construction 

produce  the  best  results. 

APPENDIX. 

Typical  Specifications  for  Grading,  Building  all  Necessary  Drainage  Struc- 
tures, and  Surfacing  With  Concrete  the Road. 

LOCATION. 

The  work  referred  to  iu  tliese  specifications  is  to  be  done  on  the road, 

begiuuiuK  at   and   extending  iu   a direction  through to 

,  a  distance  of miles. 

WORK  TO  BE  DONE. 

The  contractor  shall  do  all  clearing  and  grubbing,  make  all  excavations  and 
embankments,  do  all  shaping  and  surfacing,  construct  all  drainage  structures 
and  other  api>ertainlng  strnctures,  move  all  obstructions  In  the  line  of  the  work, 
and,  unless  otherwise  provided  in  these  specifications,  shall  furnish  all  equip- 
ment, materials,  and  labor  for  the  same.  In  short,  the  contractor  shall  build 
said  road  in  strict  accordance  with  the  plans  and  specifications  and  shall  leave 
the  work  in  neat  and  finished  condition. 

PLANS  AND  DRAWINGS. 

The  pUins,  profiles,  cross  sections,  and  drawings  on  file  in  the  ofllce  of 

at show  the  location,  profile,  details,  and  dimensions  of  the  work  which 

is  to  be  done,  and  shall  be  considered  as  a  part  of  these  specifications.  The 
work  shall  be  constructed  according  to  the  above-mentioned  plans,  profiles, 
cross  sections,  and  drawings.  Any  variation  therefrom,  as  may  be  required 
by  the  exigencies  of  construction,  will  in  all  cases  be  determined  by  the 
engineer.  On  all  drawings  figured  dimensions  are  to  govern  in  cases  of  dis- 
crepancies between  scale  and  figures. 

GRADING. 

Grading  shall  include  all  excavating,  filling,  borrowing,  trimming,  picking 
down,  shaping,  sloping,  and  all  other  work  that  may  be  necessary  in  bringing 
the  road  to  the  required  grade,  alignment,  and  cross  section;  the  clearing  out 
of  waterways  and  old  culverts;  the  excavation  of  all  necessary  drainage  and 
outlet  ditches;  the  grading  of  a  proper  connection  with  all  intersecting  high- 
ways; the  grubbing  up  and  clearing  away  oi  all  trees,  stumps,  and  boulders 
within  the  lines  of  the  improvement,  and  the  removal  of  any  muck,  soft  clay, 
or  spongy  material  which  will  not  compact  under  the  roller  so  as  to  make  a 
firm  unyielding  subgrade. 

All  trees,  stumps,  and  roots  within  the  limits  of  the  improvement  shall  be 
grubbed  up  so  that  no  part  of  them  shall  be  within  six  (6)  Indies  of  tbe 
surface  of  the  ground  or  within  eighteen  (18)  inches  of  the  surface  of  the 
subgrade,  except  that,  if  they  occur  in  an  are^a  to  be  covered  by  a  fill  more  than 
eighteen  (18)  inches  in  depth,  they  shall  be  grubbed  up  or  cut  off  even  with 
the  present  surface  of  the  ground. 

Embankments  shall  be  formed  of  good  sound  earth  or  stone  and  carried  up 
full  width.  The  material  shall  be  deposited  in  layers  not  more  than  one  (1) 
foot  in  thickness  and  each  layer  shall  be  rolled  until  thoroughly  compacted 
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with  a  roller  weighing  not  less  than  ten  (10)  tons.  All  existing  slopes  and 
surfaces  of  embankments  shall  be  plowed  or  scarified  where  additional  fill  is 
to  be  made,  in  order  that  the  old  and  new  material  may  bond  together.  When 
sufficient  material  is  not  available  within  the  fence  lines  to  complete  the  em- 
bankments, suitable  borrow  pits  from  which  the  contractor  must  obtain  the 
necessary  material  will  be  designated  by  the  engineer.  If  there  is  more  mate- 
rial taken  from  the  cuts  than  is  required  to  construct  the  embankments,  as 
shown  on  the  plans,  the  excess  material  shall  be  used  in  uniformly  widening 
the  embankments  or  shall  be  deposited  where  the  engineer  may  direct.  Where 
embankments  are  formed  of  stone,  the  material  shall  be  carefully  placed  so 
that  all  large  stones  shall  be  well  distributed  and  the  interstices  shall  be  com- 
pletely filled  with  smaller  stone,  earth,  sand,  or  gravel,  so  as  to  form  a  solid 
embankment 

During  the  work  of  grading,  the  sides  of  the  road  ahall  be  kept  lower  than 
the  center  and  the  surface  maintained  in  condition  for  adequate  drainage. 

The  grading  of  any  i>ortion  of  the  road  shall  be  complete  before  any  surfacing 
material  is  placed  on  that  portion,  and  where  the  plans  do  not  call  for  any  sub- 
stantial change  In  the  grade  of  any  existing  section  of  the  road,  the  surface 
shall  be  completely  scarified  to  a  depth  of  three  (3)  inches  or  more  before  the 
subgrade  is  prepared. 

All  excavated  material*  will  be  classed  as  earth  and  rock.  Only  rock  in 
place  which  requires  blasting  for  Its  removal  and  boulders  of  one-half  cubic 
yard  or  more  in  volume  will  be  classed  aa  rock  excavation. 

Materials  obtained  from  excavation  and  used  in  embankments  will  be  paid 
for  as  excavation  only,  though  the  contractor  is  required  to  shape  and  trim 
the  embankments  properly.  Materials  obtained  from  excavation  and  used  for 
isurfacing  will  be  paid  for  only  once  and  at  the  price  bid  for  surfacing  material. 

Quantities  of  materials  moved  in  grading  will  be  measured  in  excavation 
and  the  volumes  determined  by  the  average  end  area  method,  and  no  payment 
will  be  made  for  materials  excavated  outside  the  slope  lines  shown  on  the 
plans  unless  the  additional  excavation  is  ordered  by  the  engineer. 

The  contract  prices  for  excavation  shall  be  compensation  in  full  for  all  the 
work  which  is  required  to  be  done  under  the  heading  ''grading,*'  except  that 
an  additional  allowance  at' the  rate  of  one  and  one-half  (11)  cents  per  cubic 
yard  per  one  hundred  (100)  feet  will  be  made  for  all  materials  of  excavation 
necessarily  hauled  more  than  five  hundred  (500)  feet.  The  centers  of  gravities 
of  cuts  and  corresponding  embankments  will  be  used  in  determining  the  length 
of  haul,  and  if  the  center  of  gn^avity  of  the  cut  is  more  than  five  hundred  (500) 
feet  from  the  center  of  gravity  of  the  corresponding  fill,  overhaul  will  be 
allowed  for  the  entire  amount  of  material  in  the  cut  for  the  actual  distance  in 
excess  of  five  hundred  (500)  feet. 

P&AINAGE  STRUCTURES. 

[Insert  technical  specifications  for  necessary  drainage  structures.] 

SUBGRADE. 

The  subgrade,  or  that  portion  of  the  road  upon  which  the  concrete  surface 
is  to  be  laid,  shall  consist  of  good  sound  earth  brought  to  the  proper  elevation, 

^  In  general,  it  is  more  satiifactory  to  classify  the  materials  of  excavation  and  to  invite 
nnlt-price  bids  rather  than  lump-sum  bids.  However,  If  unit-price  bids  are  invited,  it  is 
important  that  the  various  quantities  be  accurately  determined  in  order  that  the  best  bid 
may  be  selected.    If  Inmp-sam  bids  are  desired,  omit  the  following  paragraphs. 
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nlijTDintMit,  ;m<l  cross  f;ecti<)n,  and  shall  be  rolled  until  firm  and  hard  with  a 
roller  of  the  niacndam  tyi>^  weighing  not  less  than  ten  (10)  tons  and  not  more 
than  nft(H*n  (15)  tons.  Should  earth  be  encountered  which  will  not  compact 
i>y  rolling  so  as  to  Ik*  firm  and  hanl,  it  shall  be  removed  and  replaced  with  suit- 
able innterlal,  and  that  portion  of  the  sub^ade  shall  be  a^in  rolled.  When 
the  r<>llinK  is  completed,  the  surface  of  the  subgrade  shall  conform  to  the  cross 
section  shown  on  the  i>lans  and  shall  have  the  proper  elevation  and  alignment, 
it!i(l  sh:'Il  be  so  maintained  until  the  concrete  surface  is  in  place. 

8HOULDBSS. 

The  shoulders  shall  be  partially  built  up  at  the  time  the  sobgrade  Is  being  pre- 
pannl,  and  before  the  pavement  is  oi)ened  to  general  traffic  they  shall  be  care- 
fully jrraded  to  the  required  cross  section  and  shall  be  thoroughly  compacted  by 
rolling  with  a  roller  weighing  not  less  than  ten  (10)  tons  and  not  more  than 
fifteen   (15)   tons. 

The  contract  price  for  shaping  subgrade  and  shoulders  shall  be  compensation 
in  full  for  all  work  required  of  the  contractor  under  the  headings  "Subgrade" 
and  *•  Shoulders.'* 

MATERIALS. 

Cement.— The  cement  for  use  in  this  work  shall  meet  the  requirements  of  the 
T'liited  States  Government  specification  for  Portland  cement,  as  published  in 
Circnliir  No.  33,  United  States  Bureau  of  Standards,  Issued  May  1,  1012, 

All  cement  shall  be  held  at  least  ten  (10)  days  after  sampling,  before  it  is 
usetl  ill  any  part  of  the  work.  If  the  cement  satisfactorily  passes  all  tests  that 
may  be  made  within  that  time.  It  may  be  used,  and  the  28-day  test  will  not  be 
Insisted  upon,  but  if  it  should  fail  to  pass  satisfactorily  any  test  made  within 
that  time,  then  the  cement  shall  not  be  used  until  it  has  passed  satisfactorily 
all  tests,  including  the  28-day  test.  All  cement  shall  be  delivered  on  the  work 
in  cloth  or  paper  bags  containing  ninety-four  (94)  pounds  net  weight,  and  this 
amount  of  cement  shall  be  considered  as  having  a  volume  of  one  (1)  cubic  foot 
In  order  to  allow  ample  time  for  inspecting  and  testing,  the  cement  shall  be 
stored  in  a  suitable  weather-tisht  building  having  the  floor  blocked  or  raised 
from  the  ground,  and  shall  be  stored  so  as  to  permit  of  easy  access  for  proper 
inspection  and  so  that  each  carload  shipment  may  be  readily  identified. 

f^nnd. — The  sand  for  use  in  the  concrete  shall  be  composed  of  particles  of 
hard,  durable  stone,  and  not  more  than  three  (3)  per  cent,  by  weight,  of  clay, 
lo.mi,  or  silt.  No  clay,  however,  will  be  permitted  if  It  occurs  as  a  coating  on 
the  siind  grains.  The  grains  shall  be  of  such  sizes  that  all  will  pass  a  one- 
fourth  (])  inch  mesh  screen;  that  not  more  than  twenty  (20)  per  cent  will 
pass  a  No.  50  sieve;  and  that  not  more  than  sixty  (60)  per  cent  nor  less  than 
twenty  (20)  i>er  cent  will  be  retained  on  a  No.  20  sieve.  The  sand  shall  be  of 
such  quality  that  a  mortar  made  In  the  proportion  of  one  (1)  part  of  cement 
to  three  (3)  parts  of  the  sand,  according  to  standard  methods,  when  tested  at 
any  ajro  not  exceeding  twenty-eight  (28)  days,  will  have  a  tensile  strength  of 
at  least  one  hundred  (100)  per  cent  of  that  developed  in  mortar  of  the  same 
proiMjrtions  made  of  the  same  cement  and  standard  Ottawa  sand.  The  cement 
used  in  these  tests  shall  be  from  an  accepted  shipment  of  that  proposed  for  use 
with  the  sand. 

Grarc?.— The  gravel  for  use  in  the  concrete  shall  be  composed  of  hard,  sound, 
durable  particles  of  stone,  and  not  more  than  one  (1)  per  cent,  by  wel^t,  of 
clay,  loam,  or  silt.    No  clay,  however,  wlU  be  permitted  if  it  occurs  as  a 
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coating  on  the  particles  of  stone.  The  particles  of  stone  shall  be  graded  in 
size  between  those  retained  on  a  screen  having  circular  openings  three-eighths 
<i)  inch  in  diameter  (or  a  one-fourth  (i)  inch  mesh  screen)  and  those  passing 
a  screen  having  circular  openings  one  and  one-half  (1^)  inches  in  diameter. 
Kot  less  than  twenty  (20)  per  cent  shall  be  retained  on  and  not  less  than 
twenty  (20)  per  cent  sliall  pass  a  screen  having  circular  openings  three-fourths 
(})  inch  in  diameter.  The  gravel  shall  be  free  from  particles  of  soft  sand- 
stone, shale,  slate,  coal,  or  other  material  which  may  readily  disintegrate. 

Crushed  stone. — Crushed  stone  for  use  in  the  concrete  shall  be  composed  of 
particles  of  clean,  sound,  durable  stone,  crushed  to  such  sizes  that  all  will  be 
retained  on  a  screen  having  circular  openings  three-eighths  (|)  inch  in  di- 
ameter (or  a  one-fourth  (i)  inch  mesh  screen)  and  will  pass  a  screen  having 
circular  openings  one  and  one-half  (1))  inches  In  diameter.  Not  less  than 
twenty-five  (25)  per  cent  shall  be  retained  on  and  not  less  than  twenty-five  (25) 
per  cent  shall  pass  a  screen  having  circular  openings  three-fourths  (f )  inch  in 
diameter. 

Samples  of  the  stone  when  subjected  to  the  hardness,  toughness,  and  abrasion 
tests,  as  described  in  United  States  Office  of  Public  Roads  Bulletin  No.  44, 
shall  satisfactorily  meet  the  following  requirements: 

Hardness,  not  less  than  ten  (10) ;  toughness,  not  less  than  eight  (8) ;  and 
per  cent  of  wear,  not  more  than  four  (4).* 

Water. — The  water  used  in  mixing  the  concrete  shall  be  free  from  oil,  add, 
alkali,  and  vegetable  matter,  and  fdirly  free  from  clay  or  silt 

CONSTRUCTION. 

Mixing  and  placing  concrete, — Upon  the  subgrade,  prepared  as  herein  speci- 
fied, shall  be  laid  a  concrete  surface  of  the  width,  thickness,  and  cross  section 
shown  on  the  plans.  The  subgrade  shall  be  wet  but  not  muddy  when  the  con- 
crete is  placed  upon  it.  The  concrete  shall  be  composed  of  the  following  mate- 
rials proportioned  by  volume:  One  (1)  part  of  cement,  one  and  one-half  (IJ) 
parts  of  sand,  three  (3)  parts  of  gravel,  and  sufficient  water  to  form  a  quaky 
mass;  or  one  (1)  part  of  cement,  one  and  three-quarters  (If)  parts  of  sand, 
three  (3)  parts  of  crushed  stone,  and  sufficient  water  to  form  a  quaky  mass. 
The  materials  shall  be  thoroughly  mixed  in  a  machine  mixer  of  the  batch 
type,  80  designed,  constructed,  and  operated  that  the  thorough  mixing  of  the 
materials  is  assured  and  that  the  consistency  of  all  batches  ts  the  same.  Thef 
operations  of  transporting  the  concrete  from  the  mixer  to  its  proper  place  in 
the  road  and  of  spreading  and  tamping  it  in  place  shall  be  so  conducted  as  not 
to  cause  or  permit  any  separation  of  the  materials  of  the  concrete.  The  con- 
crete shall  be  placed  between  the  forms,  hereinafter  described,  and  the  surface 
shall  then  be  shaped,  true  to  grade  and  to  a  cross  section  having  one-fourth  (i) 
inch  more  crown  than  that  shown  on  the  cross-section  drawings  by  means  of  a 
well-constructed  "  strike  board.**  When  the  concrete  is  thus  shaped,  it  shall 
be  tamped  until  mortar  fiushes  to  the  surface  in  such  quantity  as  to  fill  com- 
pletely all  the  voids  between  the  particles  of  the  coarse  aggregate.  The  tamp- 
ing shall  be  done  with  a  template  having  a  face  not  less  than  six  (6)  inches  in 
inridth  and  conforming  with  the  crown  shown  on  the  cross-section  drawings,  or 
by  some  other  device  equally  as  satisfactory  to  the  engineer.    WheA  the  tamp- 

1  Stone  of  only  fair  qnallty  will  meet  the  above  requirements  for  hardness,  toughness, 
and  per  cent  of  wear,  and  if  better  stone  is  available  these  requirements  should  be  such 
BA  to  insure  its  use.  It  is  also  desirable  to  list  the  available  varieties  of  stone  which 
^gould  be  acceptable. 
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ing  is  completed,  tbe  surface  of  the  concrete  shall  be  fioi^ied  by  floating  it  witk 
wooden  floats.  The  finished  surface  shall  be  free  from  porous  or  open  spots. 
No  portion  of  it  shall  be  more  than  one-half  (i)  im^  b^ow  a  template,  cat  to 
the  crown  shown  on  the  cross-section  drawings*  placed  on  the  payement  at  right 
angles  to  the  center  line  of  the  road,  and  no  pMiion  of  it  shall  be  more  tlian  o■^ 
half  <i)  inch  below  a  straightedge  ten  (10)  feet  in  length  or  more  than  oot- 
fourth  (i)  inch  below  a  straii^tedge  three  (3)  feet  In  lengthy  laid  on  the 
pavement  parallid  to  the  center  line  of  the  road. 

Protection, — ^After  the  concrete  surface  has  be^i  fini^ed,  as  above  described, 
it  shall  b«  entirely  covered  with  canvas  as  bogh  as  this  can  be  done  without 
marring  its  surface.  The  canvas  shall  be  kept  wet  until  the  concrete  has  set 
to  such  an  extent  that  the  surface  of  the  pavement  will  not  be  marred  by  mm 
walking  upon  it  (about  twenty-four  (24)  hours),  and  it  shall  then  be  removed. 
Immediate  after  the  canvas  has  been  removed,  the  surface  of  the  concrete  ahill 
be  covered  with  a  two  (2)  inch  layw  of  earth,  which  shall  be  thorouglily  wet 
with  water  Immediately  after  it  is  placed  upon  the  concrete,  and  shall  reraalB 
in  place  and  be  kefii  wet  with  water  for  at  least  two  (2)  weeks.  It  shall  be 
removed  before  traflie  is  permitted  upon  the  concrete  surface.  During  this 
period  of  two  weeks  or  longer,  as  the  engineer  may  require,  on  account  of 
weather  conditions^  no  traflkc  whatever  shall  be  allowed  upon  the  concrete. 

Forms. — ^The  forms  shall  be  smooth,  dean,  free  from  warp,  of  sufficient 
strength  to  resist  springing  out  of  shape,  of  a  width  egual  to  die  edge  thick- 
ness of  the  pavement,  and  so  designed  that  the  various  sections  may  be  fast- 
ened together  in  such  a  manner  as  to  prevent  relative  vertical  mov^nent  of 
the  ends.  The  forms  shall  be  set  true  to  line  and  grade,  shall  be  well  staked 
and  braced,  and  shall  have  a  firm  bearing. 

Joints. — Joints  shall  be  q3aced  thirty  (30)  feet  apart  where  grav^  is  used 
as  coarse  aggregate  and  fifty  (50)  feet  apart  where  crushed  stone  is  used  as 
coarse  aggregate.  They  shall  be  perpendicular  to  the  subgrade,  extend  entir^ 
through  the  concrete  pavement,  and  be  located  at  an  angle  of  sev«ttty-five  (75) 
degrees  with  the  center  line  of  the  road.  The  joint  shall  be  one-fourth  (i)  inSi 
in  viridth,  and  the  abutting  ends  of  the  concrete  sections  shall  be  separated  by 
asphaltlc  or  tar  felt  one-fourth  (i)  inch  in  thickness  extending  the  full  width 
and  depth  of  the  pavement  The  surface  of  the  concrete  pavement  on  each 
side  of  the  joint  shall  be  true  to  grade  and  cross  section. 

The  contract  price  for  the  concrete  pavement  shall  be  compensation  in  full 
for  furnishing  all  materials,  laying,  sprinkling,  and  protecting  the  concrete, 
furnishing  and  setting  all  forms,  constructing  necessary  contraction  Joints 
and  doing  all  other  incidental  work. 
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eaten  to  a  greater  or  less  extent.  On  27  species  the  larvae  fed  very 
slightly,  and  on  19  no  feeding  was  noted. 

In  1905,  when  work  to  control  the  gipsy  moth  was  resumed,  after  a 
lapse  of  five  years,  it  was  found  that  the  infestation  had  spread  over 
such  a  wide  territory  that  extermination  of  the  moth  was  impossible. 
The  following  year  (1906)  an  appropriation  was  made  by  Congress 
and  control  work  to  prevent  the  spread  of  this  insect  was  commenced 
by  the  Bureau  of  Entomology.  The  infestation  was  so  heavy  in 
eastern  Massachusetts  that  the  principal  efforts,  aside  from  parasite 
introduction,  was  to  clear  the  main  highways  in  order  to  prevent  the 
distribution  of  caterpillars  through  the  medium  of  passing  vehicles. 
As  early  as  1907  it  was  noticed  by  a  number  of  observers  that  some 
species  of  trees  were  more  often  defoliated  than  others.  These  ob- 
servations also  indicated  that  pine  was  one  of  the  species  which  was 
not  readily  attacked.  In  order  to  secure  more  information  on  this 
subject  a  number  of  experiments  were  carried  on  by  the  writer  under 
the  direction  of  Mr.  A.  H.  Kirkland,  who  was  superintendent  of  moth 
work  for  the  State  of  Massachusetts. 

The  preliminary  work  was  commenced  in  the  spring  of  1907, 
newly  hatched  caterpillars  of  the  gipsy  moth  being  placed  in  jars 
and  furnished  with  pine  foliage.  In  the  feeding  experiments  it  was 
not  possible  to  induce  newly  hatched  caterpillars  to  feed  and  develop 
on  white  pine,  but  when  they  were  furnished  with  oak  foliage  no 
serious  difficulty  was  encountered.  Several  field  experiments  were 
also  carried  on  to  determine  whether  a  pine  growth  could  be  pro- 
tected from  the  gipsy  moth  by  placing  bands  of  tanglefoot  on  the 
trees  in  order  to  prevent  caterpillars  from  climbing  to  the  foliage. 
These  experiments  were  repeated  the  following  season,  and  on  ac- 
count of  the  success  of  the  field  experiment,  wherein  several  acres  of 
pine  growth  were  protected  by  using  tanglefoot  bands,  it  was  obvious 
that  more  detailed  information  regarding  food  plants  was  necessary 
to  the  proper  conduct  of  the  work  than  had  been  secured  from  the 
experiments  reported  in  1896.  Nimierous  field  observations  and 
several  experiments  of  greater  scope  were  then  conducted,  but  in 
1911  it  seemed  desirable  to  investigate,  in  a  thorough  and  systematic 
way,  the  entire  matter  of  preferred  food  plants.  Accordingly  plans 
were  formulated  to  carry  on  an  elaborate  series  of  laboratory  experi- 
ments, using  first  the  more  conmion  trees  occurring  in  the^  infested 
ments  at  the  Gipsy  Moth  Laboratory  of  the  Bureau  of  Entomology  at 
Melrose  Highlands,  Mass.,  using  first  the  more  common  trees  occur- 
ring in  the  infested  region,  with  the  idea  of  taking  up  the  rarer  species, 
as  well  as  the  woodland  shrubs  and  undergrowth,  as  soon  as  opportu- 
nity permitted.    The  experiments  were  arranged  so  that  two  lots  of 
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caterpillars  were  fed  upon  the  foliage  of  two  trees  of  the  same  species, 
and  care  was  taken  that  the  foliage  for  each  lot  was  always  secured 
from  the  same  tree.  The  experiments  were  begun  by  using  100  cater- 
pillars that  had  just  hatched  for  each  lot,  the  plan  being  to  carry  on 
the  feeding  tests  during  each  of  the  6  caterpillar  stages  (PL  I,  fig.  1) 
in  order  to  determine  any  variation  in  feeding  habits  in  the  different 
larval  stages.  In  conducting  these  experiments  special  feeding  trays 
were  constructed,  and  the  many  details  in  the  keeping  of  notes  and 
records,  the  collection  of  foliage,  etc.,  were  worked  out.  To  supple- 
ment these  experiments  and  to  give  data  which  would  furnish  a 
check  on  the  results  secured,  observations  were  made  throughout  the 
infested  region  during  the  siunmer  of  1912  on  the  feeding  habits  of 
gipsy-moth  larvse  in  the  field. 

In  1912  the  infested  territory  was  divided  into  5  sections  for  the 
purpose  of  determining  the  natural  increase  of  the  gipsy  moth  under 
varying  field  conditions.  This  work  has  been  supervised  by  Mr. 
C.  W.  Minott,  and  the  sections  have  been  in  charge  of  Messrs.  H.  K. 
Gooch,  I.  L.  Bailey,  E.  A.  Proctor,  J.  V.  Schaffner,  jr.,  and  W.  A. 
Shinkwin.  As  a  part  of  the  summer  work  each  of  these  men,  with 
one  assistant,  has  secured  notes  and  information  on  the  feeding  habits 
of  the  gipsy-moth  larvae.  The  food-plant  work  has  now  been  carried 
on  both  in  the  field  and  at  the  laboratory  at  Melrose  Highlands,  Mass., 
for  three  consecutive  years — 1912, 1918,  and  1914. 

During  the  summer  of  1912  and  1913  a  small  sublaboratory  was 
maintained  at  Worcester,  Mass.,  through  the  courtesy  of  the  board  of 
park  commissioners  of  the  city  of  Worcester.  The  experiments  were 
in  charge  of  Mr.  C.  W.  Collins  in  1912  and  of  Mr.  K.  Wooldridge  in 
1913. 

The  object  of  the  work  at  this  laboratory  was  to  determine  whether 
the  same  results  would  be  secured  from  foliage  gathered  in  an  area 
where  the  gipsy  moth  had  never  become  abundant  and  defoliation  had 
not  existed,  as  compared  with  foliage  taken  from  the  somewhat  de- 
bilitated tree  growth  in  eastern  Massachusetts,  where  many  of  the 
trees  had  been  defoliated  one  or  more  times.  The  results  secured  in- 
dicated that  no  marked  difference  could  be  noted  from  foliage  secured 
from  these  two  regions,  hence  the  sublaboratory  was  discontinued  at 
the  end  of  the  second  season. 

The  experimental  work  on  food  plants  of  the  gipsy  moth  has  now 
reached  a  stage  from  whicji  reasonably  conclusive  results  may  be 
secured.  The  information  is  of  special  value  since  it  forms  a  work- 
ing basis  for  reforestation  in  the  infested  areas  and  is  of  value  in  sug- 
gesting the  tree  species  which  will  be  more  immune  from  gipsy-moth 
attack. 
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EQUIPMENT  OF  THE  LABORATORY. 

In  early  spring  a  part  of  the  experiments  were  started  in  the  labora- 
tory, but  the  trays  were  soon  transferred  to  a  large  outdoor  insectary. 
It  was  found  necessary  to  use  canvas  curtains  on  the  sides  of  the 
insectary  in  order  to  shade  the  trays  in  fair  weather  and  to  prevent 
the  entrance  of  excessive  moisture  and  wind  during  storms. 

The  rearing  trays  used  were  of  two  sizes,  depending  on  the  age  of 
the  caterpillars.  For  the  small  larvae  the  trays  measured  6J  by  6J  by 
2  inches,  and  trays  12J  by  12J  by  2^  inches  (aU  inside  measure)  (PL  I, 
fig.  2 )  were  used  for  the  larger  caterpillars.  These  trays  were  of  seven- 
eighths-inch  dressed  pine,  having  a  narrow  band  of  tanglefoot  applied 
on  the  inside  of  the  frame  near  the  top.  A  piece  of  cotton  cloth  was 
pasted  to  the  bottom  of  the  tray,  and  two  clamps  were  attached  to  the 
inside  to  hold  in  place  a  small  bottle,  three-fourths  inch  square  and 
4  inches  long,  provided  with  a  crooked  neck.  The  bottle  was  filled 
with  water  and  a  cork  was  inserted,  through  which  was  placed  the 
end  of  a  sprig  of  foliage,  after  which  the  bottle  was  secured  in  the 
tray  by  the  clamp.  It  having  developed  that  young  larvae  exhausted 
themselves  greatly  by  trying  to  crawl  around  on  the  cloth  bottcnn 
of  the  tray,  this  covering  was  abandoned  after  the  first  summer's 
experience  and  a  tray  made  of  paraffined  paper  (PI.  IT),  of  the 
proper  size  to  fit  into  the  wooden  frames,  was  substituted.  To  re- 
place the  two  brass  clamps  a  single  elbow  screw  was  used,  which  held 
the  bottle  firmly  but  allowed  it  to  be  quickly  removed. 

METHODS  OF  CONDUCTING  LABORATORY   EXPERIMENTS. 

Early  in  the  spring,  trees  or  shrubs  to  be  used  for  a  food  supply 
were  selected  and  properly  tagged.  Careful  notes  were  kept  of  the 
condition  of  each,  as  well  as  the  degree  of  gipsy-moth  infestation 
upon  them  and  upon  the  surrounding  growth  at  the  time  the  selec- 
tion was  made.  As  soon  as  hatching  began  feeding  trays  were  given 
the  same  serial  numbers  as  the  trees  or  shrubs  that  had  been  pre- 
viously tagged,  the  foliage  from  the  same  plant  always  being  used 
in  the  same  tray.  One  hundred  newly  hatched  gipsy-moth  caterpil- 
lars were  placed  on  the  foliage  in  each  tray.  The  food  was  replen- 
ished daily  or  oftener  if  necessary,  and  a  careful  record  of  the  num- 
ber of  caterpillars  that  died  or  molted  was  maintained.  In  cases 
where  all  the  caterpillars  died  before  pupation,  new  trays  were 
started,  using  caterpillars  one  stage  younger  than  those  in  the  tray 
at  the  time  it  was  discontinued. 

About  60  species  of  trees  and  shrubs  were  tested  annually  at  the 
Melrose  Highlands  Laboratory ;  and  as  a  number  of  retests  and  special 
experiments  were  conducted  each  year,  150  trays  were  in  use  c(Hitinu- 
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FiQ.  1  .—Gipsy-Moth  Larv/C  in  First  to  Fifth  Stages.    Natural  Size.    (Original.) 


FiQ.  2.— Tray  Used  for  Feeding  Gipsy-Moth  Caterpillars. 

Note  that  this  tray  has  a  cloth  bottom,  a  band  of  tanglefoot  near  the  top,  and  is  supplied 
with  a  bottle  of  water  into  which  the  sprig  of  foliage  is  inserted.    (Original.) 

GIPSY-MOTH    LARV/E    AND    IMPROVED    FEEDING    TRAY. 

Digitized  by  VjOOQIC 


Bui.  250,  U.  S.  D«pt.  of  Agricultur*. 
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ously  throughout  the  feeding  season.  It  required  the  services  of  five 
assistants  to  attend  properly  to  the  feeding  work  and  to  record  the 
necessary  data.  In  addition,  two  assistants  were  employed  to  collect 
the  food  plants  that  were  used  in  these  experiments.  Some  of  the 
species  could  not  be  secured  in  Melrose,  and  in  a  niunber  of  cases  con- 
siderable travel  was  necessary  in  order  to  supply  the  foliage  for  the 
tests.  During  the  summer  of  1914  an  assistant  provided  with  a 
motorcycle  was  able  to  collect  most  of  the  foliage. 

About  the  same  number  of  assistants  was  required  to  conduct  the 
experiments  at  the  sublaboratory  at  Worcester,  Mass.,  during  the 
summers  of  1912  and  1913. 

A  few  tests  or  field  observations  were  made  on  European  trees  and 
shrubs  which  occur  in  New  England,  but  no  effort  has  been  made  in 
this  report  to  consider  the  food  plants  of  the  gipsy  moth  in  Europe. 

DIFFICULTIES  IN  CX^NDUCTING  THE  EXPERIMENTS. 

As  a  result  of  previous  experience  in  feeding  caterpillars,  it  seemed 
necessary  to  secure  a  better  method  than  simply  placing  leaves  or 
twigs  with  foliage  in  the  trays.  When  this  is  done  the  leaves  wither 
rapidly  in  warm  weather  and  often  become  so  dry  that  it  is  extremely 
difficult  to  find  all  the  first-stage  caterpillars  when  the  trays  are 
cleaned.  The  use  of  the  bottles  of  water  in  the  trays  obviated  this 
trouble  to  a  great  extent  and  made  the  cleaning  of  the  trays  relatively 
easy.  There  were  several  kinds  of  foliage,  such  as  linden,  sassafras, 
and  young  growth  of  hickory,  walnut,  etc.,  that  wilted  rapidly  in 
spit«  of  every  precaution  that  was  taken. 

In  most  of  the  trays  a  considerable  number  of  caterpillars  died 
from  the  disease  known  as  "  wilt,"  and  in  a  few  cases  the  imported 
parasites  produced  heavy  mortality  among  the  gipsy-moth  larvae. 
These  factors  operated  in  varying  degrees  during  different  seasons, 
but  had  an  important  bearing  on  the  number  of  larvse  that  survived 
the  tests. 

FOOD  PLANTS  TESTED.* 

Note. — ^The  writer  expresses  his  appreciation  to  all  who  have  assisted  in  these 
experiments.  Special  thanlss  are  due  to  the  Board  of  Parlj  Commissioners  of 
Worcester  for  the  use  of  the  sublaboratory  in  their  city  and  to  Mr.  A-  V.  Parker, 
superintendent  of  parks,  and  Mr.  H.  L.  Neale,  city  forester,  for  many  courtesies 
extended;  to  Dr.  C.  S.  Sargent  and  his  assistants  for  permission  to  secure 
foliage  at  the  Arnold  Arboretum  for  some  of  the  experiments ;  and  to  Mr.  H.  A. 
Preston  for  preparing  the  photographs  illustrating  this  report,  as  well  as  to 
the  many  other  employees  of  the  Gipsy  Moth  Laboratory  who  have  contributed 
toward  the  data  summarized  in  this  report. 

1  The  botanical  designations,  both  scientific  and  common  names,  herein  cited  are  verified 
by  Britton  and  Brown,  Illustrated  Flora  of  the  Northern  States  and  Canada.  Second 
Edition,  Vols.  I-III,  New  York,  1913. 
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In  the  following  pages  are  given  a  brief  statement  of  the  results 
secured  with  each  food  plant  tested.  Field  observations  are  also 
included  to  make  the  data  as  reliable  as  possible.  Experience  has 
shown  that  results,  even  with  the  same  food  plant,  vary  to  some  extent 
during  different  years;  and  as  the  information  is  based  upon  three 
years'  work,  it  is  believed  that  this  variability  has  been  given  due 
consideration. 

It  should  be  remembered  that  in  the  trays  the  larvae  were  furnished 
with  the  same  species  of  foliage  during  the  entire  season,  hence  the 
results  are  not  exactly  the  same  as  would  be  secured  under  field  con- 
ditions where  a  variety  of  food  is  usually  available.  A  certain 
amount  of  injury  to  caterpillars  always  results  from  handling  them 
in  trays,  so  that  the  rate  of  reproduction  in  the  experiments  is  in  all 
cases  less  than  under  field  conditions. 

Alder,  Spreckled  (Alnus  incana  [L.]  WUld.). 

In  the  tray  experiments  the  larvae  fed  freely  in  all  stagea  The  growth  and 
reproduction  were  normal.  The  field  observers  agree  that  gipsy-moth  larvje 
usually  feed  in  all  stages  on  this  plant,  but  in  the  first  three  stages  It  seems  to 
be  preferred.  As  alder  is  of  little  commercial  value  it  should  be  removed  when 
cuttings  are  being  made.    (PI.  Ill,  fig.  2.) 

Apple  {Pyrua  malus  L.). 

This  species  was  found  to  be  a  favorite  food  of  gipsy-moth  larvae  both  In  the 
field  and  in  the  trays.  In  combination  with  other  growth  it  Is  usually  the  most 
heavily  infested. 

Old  trees  of  this  species  that  have  been  neglected  nearly  always  contain  holes 
and  crevices  in  which  the  gipsy-moth  larvae  hide  and  go  through  their  transh 
formations.  the  females  depositing  their  eggs  where  it  is  diflicult  to  find  them. 
These  trees  are  a  menace  to  the  surrounding  growth  and  should  be  removed. 

Arbor  ViTiE  {Thuja  occidentalis  L.). 

No  observations  were  made  on  this  species  in  the  field,  but  It  has  been  thor- 
onj^bly  tested  in  the  laboratory.  No  reproduction  was  secured  until  experiments 
were  carried  on  with  third-stage  larvae.  The  feeding  was  slight  and  develop- 
ment was  slow  and  imi)erfect.    It  is  an  unfavored  food. 

This  species  can  be  left  in  a  stand  of  trees  without  fear  of  injury  by  the 
pipsy  moth. 

Black  Ash  (Fraxinu€  nigra  [Marsh.]). 

One  adult  male  was  reared  from  100  larvae  started  in  the  thiM  stage.  Many 
other  tests  were  less  favorable  to  the  insect  Mr.  T.  J.  Kennedy,  one  of  the  field 
observers,  reports  no  feeding  on  this  species  of  ash  in  southern  New  Hampshire. 
It  is  an  unfavored  si>ecies. 

Blue  Asn  (Fraxinua  quadrangulata  Michx.). 

A  single  specimen  of  this  tree  was  under  observation.  It  was  located  in 
Elm  Parlj,  Worcester,  and  foliage  was  tested  in  the  trays  in  the  Worcester 
laboratory  by  Mr.  Collins  in  1912. 

Although  larvje  from  the  first  to  the  fifth  stages,  inclusive,  were  tried,  none 
reached  the  adult  stage.     It  is  an  unfavored  S];)ecie8. 
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Mountain  Ash  (Pyrua  americana  [Marsh.]  D.C.). 

No  obserrations  were  made  on  this  species  by  the  field  men. 

Tray  experiments  for  a  single  season  at  Worcester  were  not  conclusive,  bnt 
the  resnlts  at  Melrose  Highlands  indicated  that  larvse  will  feed  continuously  on 
this  plant  from  the  first  stage  and  reproduce  normally. 

Red  Ash  (Fraxinus  pennsylvanioa  Marsh.). 

But  few  field  observations  were  obtained  on  this  species,  and  those  were  to 
the  effect  that  gipsy-moth  larvae  do  not  feed  on  red  ash. 

All  larval  stages  from  the  first  to  the  fourth,  inclusive,  were  tested  at  the 
Melrose  Highlands  laboratory,  but  no  pupse  were  obtained. 

When  the  blossoms  were  placed  with  the  foliage  in  the  trays,  there  was  con- 
siderable feeding  on  the  former  but  the  leaves  were  not  injured. 

White  Ash  (Frawinus  americana  L.). 

This  most  common  species  of  Fraxinus  has  been  noted  by  all  the  field  observers, 
bnt  none  reported  feeding  on  the  foliage  by  gipsy-moth  larv»  except  where  other 
species  of  trees  are  nearly  or  wholly  defoliated.  Even  then  there  was  little 
feeding  in  most  cases.  Mr.  Proctor  reports  that  branches  on  several  trees  of 
this  species  were  completely  stripped  in  an  area  badly  defoliated  by  the  gipsy 
moth. 

White  ash  was  tested  in  1912  both  at  Worcester  and  Melrose  Highlands. 
At  the  former  laboratory,  the  larvae  from  the  first  to  the  fifth  stages,  inclusive, 
produced  no  pupce.  At  Melrose  Highlands  trays  started  with  fourth-stage 
larvse  produced  male  moths  only. 

Flame  Azalka  (Azalea  lutea  L.)  and  White  Azalea  (Azalea  viscosa  L.). 

Mr.  Schaffner  had  the  former  species  under  observation  and  found  that 
wherever  it  was  situated  in  badly  infested  localities  feeding  on  the  foliage  was 
rather  heavy.  This  foliage  will  probably  sustain  the  gipsy-moth  larvae  in  all 
stages,  but  the  tray  work  at  Melrose  Highlands  failed  to  bring  them  through 
from  either  the  first  or  second  stages.  From  two  trays  started  with  third- 
stage  larvse,  male  moths  were  secured. 

There  was  practically  no  difference  in  the  amount  of  feeding  on  these  two 

BuBOPEAN  Babbebbt  (BerheHs  vulgaris  L.). 

Barberry  has  been  under  observation  in  the  field,  and  all  the  observers  have 
found  gipsy-moth  larvae  in  all  stages  feeding  upon  It.  It  Is  not  considered  a 
particularly  favored  food,  as  larvae  feeding  upon  it  seemed  quite  susceptible  to 
disease. 

The  sfpecies  will  support  the  larvae  in  all  stages,  adults  having  been  reared 
from  trays  started  with  first-stage  caterpillars 

Batbebby  (Mt/rioa  carolinenHs  MilL). 

In  sparsely  infested  territory,  feeding  on  this  species  is  light,  but  when  the 
infestation  is  heavy  these  shrubs  are  sometimes  completely  defoliated. 

Reproduction  has  been  satisfactory  when  small  caterpillars  have  been  tested 
in  the  trays. 
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American  Beech  {Fagua  grandifoUa  Ehrh.). 

Field  obserrera  all  agree  that  gipi^-moth  larvs  feed  heavily  on  this  epedes 
during  the  first  three  stages,  after  which  they  migrate  to  other  specieB  and 
usually  return  to  do  considerable  feeding  during  the  last,  or,  in  some  cases, 
a  part  of  the  last  two  stages.  Tray  experiments  verified  this,  fbr  In  the  first 
three  stages  there  was  heavy  feeding  on  the  foliage,  whereas  in  the  fourth  stage 
there  was  much  less  feeding  and  larval  growth  was  retarded.  These  eatsst- 
pillars  were  restless  and  appeared  to  l>e  searching  for  different  food.  They 
died  before  reaching  full  growth. 

It  is  evident  that  the  beech  must  be  associated  in  a  mixture  with  one  or 
more  favored  species  in  order  that  the  gipoy  moth  may  reproduce  normally. 

Black  Bieoh  {Beiula  lenta  L.). 

Field  observations  indicate  that  feeding  on  the  black  birch  is  somewhat 
variable,  and  it  is  seldom  severely  defoliated  except  in  grossly  infested  area& 

The  results  secured  from  the  tray  experiments  were  also  variable,  and  while 
it  is  possible  for  larvie  in  all  stages  to  survive  on  this  foliage,  they  usually  do 
not  grow  as  rapidly  or  develop  as  vigorous  individuals  as  when  supidied  with 
more  favored  food. 

Apparently  this  tree  comes  near  the  line  of  fttvored  and  unfavored  species. 

Gray  Bibch  {Betula  populifolia  MaralL). 

This  species  is  more  generally  distributed  than  any  other  in  tiie  area  infested 
by  the  gipi^  moth. 

All  the  observers  agree  that  the  larvae  feed  on  this  birch  through  all  stages 
and  grow  large  and  rapidly  except,  possibly,  in  the  first  stage.  Reproduction 
of  the  moth  on  this  tree  is  usually  heavy. 

In  the  laboratories  the  larvae  grew  rapidly  after  the  first  stage  and  i^rodQced 
many  moths. 

One  peculiarity  was  observed  in  the  feeding  of  the  larvae ;  both  at  Worcester 
and  Melrose  Highlands  the  young  larvae  fed  almost  wholly  on  the  petioles  of 
the  leaves,  severing  them  from  the  bladea 

Several  cases  have  been  observed  in  the  field  where  the  bark  on  the  tend^ 
twigs  has  been  completely  girdled  by  the  larger  larvae. 

This  is  one  of  the  most  favored  food  plants  of  the  gipsy  moth. 

Papeb  Bibch  {Beiula  papyrifera  Marsh.). 

This  birch  is  found  quite  plentifully  in  the  higher  altitudes  of  tiie  gipay-moth 
infestation,  but  in  the  low  altitudes  the  species  is  represented  by  only  a  few 
widely  scattered  specimens. 

In  the  field  the  larvae  feed  on  this  tree  in  all  stages,  and  total  defoliation 
results  if  the  infestation  is  sufficiently  great.    (PI.  Ill,  fig.  1.) 

In  the  tray  work  this  species  proved  a  very  favored  food.  From  one  tray  of 
first-stage  larvae  at  the  Worcester  laboratory,  Mr.  Wooldridge  obtained  25  egg 
massea    Heavy  reproduction  was  also  obtained  at  the  Melrose  laboratory. 

Red  Bibch  (Betula  nigra  L.). 

This  species  occurs  in  a  few  localities  in  New  England.  Mr.  Proctor,  who 
had  trees  under  observation  in  the  Merrimac  Valley,  r^>ort8  feeding  in  all 
stages  and  defoliation  toward  the  end  of  the  season. 
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Plate  III. 


Fig.  1.— Paper  Birch  Foliage  Showing  Fig.  2.— Spreckled  Alder  Foliage 

Pinhole  Feeding.    (Original.)  Showing    Shot-Hole     Feeding. 

(Original.) 

TWO    FOOD    PLANTS    OF    THE    GIPSY-MOTH    LARV>€. 
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Plate  IV. 
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The  tray  experiments  were  not  satisfactory  because  of  the  difficulty  of  secur- 
ing a  satisfactory  food  supply,  but  all  the  larvse  grew  well  in  the  early  stages. 
Bed  birch  is  a  favored  food  plant 

Yellow  Bibch  (Betula  lutea  Mlchz.  f.). 

Bxcept  in  heavy  infestations,  most  of  the  feeding  on  this  species  by  gipsy- 
moth  larvse  is  done  in  the  first  three  stages.  The  larvae  make  small  holes, 
extending  entirely  through  the  leaves,  forming  "pinholes,"  and  a  few  days 
later  "  shot  holes."  If  the  Infestation  is  bad  and  the  associated  species  of  food 
plants  are  defoliated,  these  birches  are  sometimes  stripped. 

In  tray  experiments  male  moths  have  been  secured  by  feeding  larvae  started 
in  the  first  stage. 

High  Blackbebby  {Ruhus  sp.). 

Field  observations  indicate  considerable  variation  in  feeding  on  this  plant. 
Defoliation  has  seldom  been  reported,  and  then  only  when  heavy  infestations 
occurred.    Under  ordinary  conditions  the  feeding  on  this  species  is  very  slight 

Low  Blueberbt  (Vaccinium  vaciUans  Kalm.). 

Of  the  three  species  of  Vaccinium  under  observation  in  this  series  of  experi- 
ments, this  is  the  most  unfavorable.  Larvae  In  the  field  have  been  found 
feeding  in  all  stages,  but  not  to  any  extent  except  in  medium  to  grossly 
Infested  territory.  Usually  the  last  three  stages  do  most  of  the  feeding  on 
these  shrubs. 

First-stage  caterpillars  fed  in  trays  have  produced  moths,  which  indicated 
that  the  insect  can  survive  on  this  specie& 

Tall  Blueberry  {Vaccinium  corymhosum  L.). 

All  the  field  observers  consider  V,  corymhosum  more  susceptible  to  gipsy- 
moth  attack  than  V,  vacillanst  but  it  is  not  favored  when  other  food  is  avail- 
able. When  an  infestation  is  fairly  heavy  it  Is  not  uncommon  for  these  shrubs 
to  be  entirely  denuded. 

First-stage  caterpillars  have  developed  to  the  adult  stage  when  fed  in  trays. 
The  larvae  did  not  grow  as  rapidly  as  is  normal  and  were  undersize. 

Blueberby  (Vaccinium  anguatifolium  Alt.). 

The  field  observers  pronounce  this  species  the  most  susceptible  to  moth 
attack  of  our  three  common  species.  They  note  feeding  in  the  early  as  well  as 
the  late  stages,  and  the  shrubs  may  be  found  in  all  stages  of  defoliation. 
When  a  tree  has  been  completely  defoliated  by  the  lar\'8e  and  they  migrate  to 
another  tree,  these  shrubs  furnish  food  for  the  journey. 

First-stage  larvae  fed  In  trays  grew  rapidly  and  large  vigorous  adults 
resulted. 

Box  Elder  {Acer  negundo  L.). 

No  field  observations  are  recorded  on  this  specie& 

Tray  experiments  Indicate  that  this  Is  one  of  the  most  susceptible  of  the 
maples  to  moth  attack.  The  larvae  fed  freely  in  nil  stages  and  grew  to  large 
size ;  specimens  started  in  the  first  stage  produced  moths. 

9271&**— 15 2 
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Greenbrier  {Smiiaa  rotundifolia  L.). 

No  exi>erlnients  were  conducted  on  this  species  at  the  lahoratory. 
Observations  in  the  field  indicate  that  this  species  is  seldom  attacked. 

SwEETBRiER  {RosG  rubtginosa  L,). 

Mr.  Schaffner  found  larvae  In  the  first  four  stages  feeding  to  a  sli^t  ext«it 
on  this  foliage. 
No  tray  exi)eriment8  were  conducted.    It  Is  an  unfavored  plant 

Butternut  {Juglans  cinerea  L.). 

In  a  single  instance  stripping  of  this  species  has  been  recorded.  Mr.  Proctor 
observed  this  at  North  Andover,  Mass.  Other  reports  indicate  very  light 
feeding. 

In  trays  at  Melrose  Highlands  and  Worcester  males  were  reared  from  100 
second-stage  larvse.  The  caterpillars  fed  very  sparingly  and  grew  slowly.  This 
is  an  unfavored  food  plant. 

Hardy  Catalpa  (Catalpa  specioaa  Warder). 

No  observations  were  made  on  this  species  in  the  field. 

In  the  Melrose  Highland  laboratory  the  larv®  started  in  the  first  stage  all 
died  before  molting.  Each  succeeding  stage  was  tried,  and  a  few  lived  long 
enough  to  molt  once  before  dying.  No  adults  were  obtained.  A  very  unfavored 
species. 

Red  Cedar  {Juniperus  virginiana  L.). 

This  tree  Is  seldom  eaten  to  any  appreciable  extent  by  gipsy-moth  larrse, 
and  only  in  the  worst  infestations  do  they  show  the  least  feeding  on  the  new 
growth.  It  is  a  common  occurrence  at  the  end  of  the  larval  season  to  find 
trees  heavily  infested,  due  to  the  larvae  having  sought  shelter  from  the  hot 
July  sun. 

Trays  were  started  with  this  cedar  at  the  Melrose  Highlands  laboratory, 
using  each  succeeding  stage  of  the  larvie  from  the  first  to  the  fifth,  inclusive. 
No  moths  w^ere  produced  as  a  result  of  feeding  on  this  plant 

Southern  White  Cedar  {Chamwej/paris  thyoidea  [L.]  B.S.P.). 

Mr.  Schaffner  reports  considerable  feeding  on  these  trees  each  year,  and  In 
1913  it  am<>uiite<l  to  75  per  cent  defoliation. 

Tray  records  indicate  that  it  is  an  unfavored  species,  although  one  male  moth 
was  obtained  from  liX)  fourth-stage  larvee.  It  is  probable  that  solid  stands  of 
this  species  will  not  be  injured. 

WiNTERGREEN  {Gaultheria  procumhena  L.). 

Mr.  Shinkwin  notes  feeding  on  the  leaves  of  this  plant  by  gipsy-moth  larvffi, 
and  in  rare  instances  there  was  considerable  eating  of  the  fruit. 

No  tray  experiments  have  been  carried  on  with  this  species.  It  is  unfavored 
food. 

Choke  Cherry  (Padua  nana  (Du  Roi)  Roemer). 

This  species  is  found  as  an  undershrnb  in  many  wood  lots.  Very  little  feeding 
has  been  noted  by  any  of  the  observers,  and  that  was  done  almost  wholly  by  the 
first  three  stages,  the  small  larvaB  making  pinholes  in  the  leaves. 
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In  the  tra3r8,  both  at  Melrose  Highlands  and  Worcester,  adults  were  reared. 
The  larvae  thrived  about  the  same  as  on  wild  red  cherry  and  were  of  fair  size. 
This  species  appears  to  be  the  most  favored  of  the  cherrlea 

Sweet  Chebbt  {Prunus  avium  L.). 

Trays  started  with  newly  hatched  larvae,  both  at  the  Worcester  and  Melrose 
Highlands  laboratories,  produced  moths.  The  larvae  fed  very  slowly,  especially 
Sn  the  later  stages,  and  were  of  small  size. 

Mr.  Shinkwin  observed  a  single  roadside  tree  in  a  badly  infested  area  that 
was  nearly  defoliated  by  third  and  fourth  stage  larvae. 

Wild  Black  Cherry  (Prunus  seroHna  Ehrh.). 

Adults  were  obtained  from  first-stage  larvae  started  in  trays.  These  larvse 
grew  very  slowly  and  were  only  about  one-half  normal  size. 

From  all  sections  the  observation  is  made  that  there  is  little  feeding  and  by 
all  stages.  Mr.  Shinkwin  notes  a  case  in  a  heavy  infestation  where  wild  black 
cherry  was  nearly  defoliated. 

Wild  Red  Cherry  {Padus  virginiana  (L.)  Mill.). 

This  cherry  was  fed  upon  very  slightly  by  the  gipsy-moth  larvae,  usually  in 
the  first  two  stages  and  very  slightly  In  the  third.  The  blossoms  were  attacked 
more  than  the  leaves. 

In  the  trays  at  Melrose  Highlands  adults  were  secured  from  first-stage  larvae. 

They  fed  sparingly  and  grew  very  slowly. 

Chestnut  (Casianea  deniata  [Marsh.]  Borkh.). 

This  species  has  been  observed  by  all  the  field  men,  and  they  agree  that 
gipsy-moth  larvae  feed  upon  it  to  a  limited  extent  in  all  stages  except  the  first. 
If  favored  food  plants  are  abundant,  the  larvae  soon  confine  their  attention  to 
these  planta  Where  the  infestation  is  heavy  and  the  favored  food  is  consumed 
the  chestnuts  are  sometimes  stripped. 

In  the  tray  work  at  both  laboratories  no  first-stage  larvae  started  on  this 
foliage  went  through  to  the  second  stage.  Second-stage  larvae  fed  and  adults 
-were  secured. 

Chokeberry  (Aronia  melanocarpa  [Michx.]  Britton). 

B^rst-stage  larvae  fed  freely  on  this  species  In  the  trays  and  produced  adults. 
A  small  amount  of  feeding  was  noted  in  the  field,  mainly  on  the  blossoms. 

CoRNUS  {ComuH  sp.). 

Mr.  Proctor  notes  pinhole  feeding  on  this  species  in  the  field,  but  the  other 
observers  do  not  record  any  feeding  in  the  other  sections. 

In  the  trays  none  reached  the  adult  stage,  although  tried  with  the  different 
stages  of  the  larva.    It  Is  an  unfavored  species. 

Flowering  Dogwood  {Cynoxylon  floridum  [L.]  Raf.). 

This  species  was  tried  In  the  laboratory  at  Melrose  Highlands  with  each 
successive  stage  of  gipsy-moth  larvae  and  none  reached  the  adult.  More  feed- 
ing was  noted  on  the  fiowers  than  on  the  leaves.  In  the  field,  even  In  badly 
Infested  territory,  only  very  slight  feeding  was  noted.  It  Is  an  unfavored 
q;)ecle8. 
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Red  Osier  (Cornua  stolonifera  Michx.). 

In  heavily  infested  territory  some  of  the  field  observers  have  found  slight 
feeding  during  the  early  part  of  the  year.  This  did  not  extend  beyond  small 
holes  in  the  leaves  and  notches  In  the  edges. 

In  the  laboratory  each  successive  larval  stage  was  tried  on  the  foliage  and 
no  adults  were  obtained. 

Cottonwood   {Popvlus  delioides  Marsh.). 

Cottonwood  is  seldom  found  in  this  section,  but  was  tried  in  the  trays  In 
order  to  know  whether  it  is  favored  In  case  the  moth  spread  to  territory  where 
this  Hpecies  is  common. 

About  10  per  cent  of  the  first-stage  larvae  started  on  this  foliage  carried 
through  to  the  second  stage,  when  they  all  died.  At  least  10  per  cent  of  the 
third-stage  larvae  started  in  trays  reached  the  fifth  stage,  but  no  adnlts  were 
obtained.  In  the  early  stages  the  feeding  was  slight  and  growth  accordingly 
slow,  but  in  the  later  stages  feeding  was  more  free  and  growth  more  rapid. 

No  observations  were  made  on  this  species  in  the  field. 

American  Cranberry  {Oxycoccus  macrocarpua  [Alt.l  Pursh). 

The  larvflB  eat  but  little  of  the  foliage  of  the  cranberry  vines,  but  cut  off  the 
stems  Just  above  the  old  growth  and  also  the  stems  of  the  flowers  or  newly  set 
berries.  (PI.  IV.)  The  habit  of  the  larvae  is  to  feed  at  night  and  remain 
secreted  during  the  day.  By  parting  away  the  vines  the  lan^ae  may  be  found 
undenieath,  next  to  the  cool  earth,  ready  to  come  up  when  the  sun  goes  down 
to  continue  the  feeding.  Bogs  that  appear  to  be  entirely  free  of  the  pest  may 
harbor  great  numl)ers  that  will  greatly  reduce  the  crop. 

In  the  trays  we  failed  to  obtain  adults  from  larvae  started  in  the  first  stage 
on  this  foliage.  On  the  bogs,  however,  was  evidence  that  larvae  hatched  on  the 
vines  bad  come  through  to  the  adult  stage  without  other  food. 

Red  Currant  {Rihea  vulgare  I^m.). 

Tray  experiments  failed  to  produce  any  adults,  although  the  different  stages 
were  fed  upon  the  foliage.  In  the  early  stages  there  was  more  feeding  accord- 
ing to  size  of  larvae  than  In  the  later  stages,  and  the  larvae  lived  longer. 

Mr.  Schaffner  noted  very  slight  feeding  on  this  species  In  the  field.  It  is 
an  unfavored  food  plant. 

Bald  Cypress  (Taxodium  diatichum  (L.)  Rich.). 

Bald  cypress  was  tried  with  all  larval  stages  in  the  trays  and  only  a  very 
small  percentage  went  through  to  the  next  stage*  None  reached  the  adult 
stage.  Feeding  was  very  slight  and  there  was  practically  no  growth.  It  is  an 
unfavored  species. 

Dangleberry  (Gayluaadcia  frondoaa  (L.)  T.  &  Q.). 

Larvae  in  the  third  stage  started  on  this  foliage  reached  the  sixth  stage.  No 
pupae  were  obtained  from  any  stage. 

Mr.  Schaffner  made  observations  on  this  undershrub  in  the  field  and  in  one 
instance  notes  a  defoliation  of  50  per  cent,  bat  as  a  rule  there  is  but  alight 

feeding. 
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Bush  Honeysuckle  {DiervUla  diervUla  [L.]  MacM.). 

This  is  a  very  common  shrub  along  roadsides  and  in  waste  places.  Mr.  H. 
W.  Allen  reports  that  it  was  not  eaten  in  an  infested  area  at  Manchester,  N.  H. 
It  is  an  unfoyored  species. 

Nabbow  Dock  {Rumex  crispus  L.). 

Mr.  Bailey  reports  seeing  first  and  second  stage  larvse  feeding  on  this  dock 
in  Pelham,  N.  H.  But  little  feeding  was  noted,  however.  It  is  an  unfavored 
species. 

American  EiLOEB  (Samhucua  canadenHs  L.). 

This  foliage  was  used  in  trays  for  all  stages  of  gypsy-moth  larvae  up  to  and 
including  the  fourth  stage,  and  but  very  few  changed  to  the  next  stage.  There 
was  very  slight  feeding  and  no  growth. 

Several  observers  have  seen  larv»  on  this  species,  but  none  note  any  feeding 
beyond  a  few  pinholes  or  notches  in  edges  of  the  leavea  It  is  an  unfavored 
species. 

American  Elm   {Ulmus  americana  L.). 

All  stages  of  the  larvee  were  noted  feeding  on  elm,  but  usually  to  a  limited 
extent.  In  heavily  infested  areas,  where  other  si)ecies  are  completely  de- 
foliated, the  elm  shows  much  feeding,  but  it  does  not  appear  to  be  a  favorite 
food  if  other  species  are  available.  In  the  trays,  adults  were  reared  from 
larv»  started  in  the  first  stage  on  elm  foliage.  The  growth,  however,  was 
slow  and  the  feeding  light 

The  preference  for  this  food  seems  to  have  changed  In  the  last  2D  years. 
In  the  early  nineties  the  elms  were  considered  favored  food.  In  the  spring 
and  summer  of  1894  elm  was  the  food  used  in  nearly  all  the  experiments  car- 
ried on  in  the  Massachusetts  State  Laboratory,  then  located  In  Maiden,  Masa 
The  larv®  fed  freely  on  it  and  grew  rapidly.  In  the  trays  in  1912  it  was 
apparently  distasteful  to  them  and  they  were  constantly  searching  for  other 
food. 

English  Elm  {Ulmua  cnmpestris  L.). 

Our  only  knowledge  on  this  elm  is  from  the  tray  experiments.  The  larvce 
fed  about  the  same  on  this  species  as  on  the  native  elm,  but  none  reached  the 
adult  stage.  A  few  reached  the  fifth  stage  that  were  started  in  the  third 
stage.    In  the  open  they  could  probably  develop  from  the  egg  to  the  adult. 

SUPPEBY  Elm  {Ulmus  fulva  Michx.). 

Tray  experiments  show  this  to  be  an  unfavored  food  plant  Few  larva 
passed  to  the  next  higher  stage  while  being  fed  upon  it. 

Mr.  Proctor  notes  slight  feeding  in  the  field  in  all  stages  where  the  infesta- 
tion was  heavy. 

Sweet  Febn  (Conuptonia  peregrina  [L.]  Coulter). 

Larvae  in  all  stages  have  been  observed  feeding  on  this  shrub  and  in  heavily 
infested  localities  defoliation  has  taken  place.  In  spite  of  this  evidence  it  is 
not  a  favored  food,  and  if  other  species  are  present  in  considerable  numbers 
the  feeding  is  not  usually  heavy  on  sweet  f^m. 

Tray  experiments  show  slow  feeding  and  very  little  growth.  But  few  larvse 
passed  to  the  next  higher  stage. 
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Spioe-bush  (Benzoin  aestivale  [L.]  Nees). 

No  field  observations  have  been  made  on  this  rather  common  shrub. 
In  the  trays  the  lanse  in  all  stages  seemed  to  dislike  the  food  and  there  was 
little  or  no  growth.    Death  resulted  in  a  short  time  from  starvation  and  disease. 

Balsam  Fib  {Abies  halsamea  [L.]  Mill.)- 

Mr.  Gooch  has  had  this  species  under  observation.  On  July  14,  1914,  he 
found  In  u  mixed  growth  which  was  nearly  defoliated  heavy  feeding  on  this 
KIKK^ies  by  fifth  and  sixth  stage  larvae.  A  few  small  trees  were  75  per  cent 
defoliated.    No  feeding  was  observed  by  earlier  stages. 

In  the  trays  little  feeding  took  place  before  the  third  stage,  and- then  the 
larviv  began  to  die  rapidly  and  no  adults  were  reared.  This  is  an  unfavored 
si»ecies. 

Sweet  Qale  {Myrica  gale  L.). 

Foliage  from  this  species  used  In  two  trays  with  newly  hatched  larvae 
produced  adult  moths.  This  shows  it  to  be  a  favored  food  plant,  as  the  larvse 
fed  freely  lu  all  stages. 

Mr.  P.  S.  Coffin  found  fourth  and  fifth  stage  larvae  feeding  freely  on  sweet 
gale  In  Caudla,  N.  H.  None  of  the  other  stages  have  been  observed  feedhig 
upon  it  in  the  field. 

Gbape  (Vitia  luhrusca  L.).  ^ 

Tray  experiments  with  the  foliage  of  wild  grape  with  each  stage  of  the  larva 
shows  that  the  latter  will  die  before  reaching  the  next  stage.  There  was  very 
little  feeding,  which  consisted  of  small  notches  being  made  in  the  edges  of  the 
leaves. 

Mr.  SchalTner  made  observations  on  this  plant  in  the  field  which  agree  with 
the  results  secured  in  the  laboratory. 

Hackberby  (Celtis  occidentalis  L.). 

Newly  hatched  larvfe  started  on  this  foliage  reached  the  fifth  stage  before 
the  last  one  died.  They  did  not  appear  to  care  for  the  food  and  grew  very 
slowly. 

Mr.  Schaflfner  watched  one  tree  of  this  species,  but  found  no  feeding  at  any 
time  upon  It. 

Pink  Habdhack  (Spirtea  tomentosa  L.). 

All  stages  of  the  larvae  have  been  observed  on  this  species  in  the  field  and 
slight  feeding  has  been  reiwrted,  but  the  foliage  will  not  sustain  life  through 
the  different  transformations. 

Larvae  in  the  trays  died  before  reaching  the  succeeding  stage. 

WuiTE  Hardback  {Spirwa  aalicifolia  L.). 

Tray  experiments  and  field  observations  show  that  this  species  Is  unfavor- 
able, since  larvae  are  unable  to  develop  sufliciently  to  transform  to  the  next 
stage. 

Hawthorn  {Cratwgus  sp.). 

Field  reports  indicate  that  this  species  is  freely  eat^i  by  the  larvae  in  all 
stages. 

This  species  was  tested  in  the  Worcester  laboratory  and  the  larvae  fed  freely 
in  all  stages,  grew  well  and  went  through  from  first  stage  to  adult  It  Ib  a 
favored  food  plant 
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Hazelnut  (Corylua  americana  Walt). 

Tlils  Is  a  favored  food  plant  for  all  stages  of  the  larvae,  although  feeding  is 
heavier  during  the  first  four  stages. 

In  the  laboratories  the  feeding  in  trays  was  general  in  all  stages  and  male 
and  female  moths  were  reared  from  larvae  started  in  the  first  stage. 

Beaked  Hazsxnut  {Oorylus  rosirata  Ait). 

Not  as  common  as  the  above  species.  Field  observations  same  as  for 
C  americana. 

Laboratory  experiments  had  to  be  discontinued  after  the  larvae  reached  the 
tbird  stage  because  the  shrubs  were  sprayed  with  poison. 

Hemlock  {Tsuga  canadensis  [L.]  Carr.) 

This  evergreen  is  capable  of  supporting  life  In  all  stages  of  the  gipsy-moth 
larvae.  At  the  Worcester  laboratory,  Mr.  CJollins  reared  2  males  and  1  female 
from  the  two  trays  of  first-stage  caterpillars.  At  the  Melrose  Highlands 
laboratory  no  adults  were  reared. 

The  field  observers  note  feeding  in  all  stages  on  the  foliage,  but  in  the  first 
stage  it  is  the  new  growth  only.  The  feeding  increases  in  intensity  with  each 
successive  stage.  In  the  field  few  adults  develop  when  this  tree  is  the  exclusive 
diet  of  the  gipsy-moth  larvae.     (PI.  V.) 

Bittebnut  Hickory  {Hicoria  cordifornUs  [Wang.]  Britton). 

No  field  observations  were  made  on  this  hickory. 

In  the  trays  the  larvae  fed  quite  freely  in  the  first  three  stages,  but  the  foliage 
appeared  somewhat  distasteful  to  them  In  all  stages. 

The  tree  will  doubtless  sustain  the  caterpillars  through  life,  but  is  not  a 
favored  food  plant. 

Mockebnut  Hickory  {Hicoria  alha  [L.]  Britton). 

This  seems  to  be  the  most  favored  species  of  the  hickories.  Mr.  Shinkwln 
reports  nearly  total  defoliation  of  a  few  trees.  Feeding  is  most  noticeable  in 
the  early  stages. 

In  the  trays,  first-stage  larvae  were  reared  to  the  fifth  stage  only. 

In  heavy  infestations,  in  a  mixed  growth,  this  tree  may  be  severely  defoliated. 

Pignut  Hickory  (Hicoria  glabra  [Mill.]  Britton). 

Pignut  hickory  has  been  watched  by  all  the  observers  and  slight  feeding  upon 
It  has  been  noted  in  all  stages.  All  are  of  the  opinion  that  it  is  an  unfavorable 
food  plant  The  first-stage  larvae  begin  feeding  upon  the  bud  scales  and  follow 
up  by  eating  holes  in  the  new  unfolding  leaves. 

In  the  trays  at  Melrose  Highlands  started  with  first-stage  larvae,  male  moths 
were  obtained.    At  no  time  was  the  feeding  free,  and  growth  was  very  slow. 

Shaobabk  Hickory  {Hicoria  ovaia  [Mill.]  Britton). 

Shagbark  hickory  is  eaten  by  the  gipsy-moth  larvae  less  than  the  other 
hickories.  The  field  observers  report  considerable  feeding  on  the  bud  scales  and 
after  these  drop  the  feeding  diminishes.  All  stages  have  been  reported  feeding 
upon  It  sparingly. 
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In  the  trays,  both  at  Worcester  and  Melrose  Hl^lands,  larvse  started  in  the 
first  stage  died  on  or  before  reaching  the  third  stage. 

Amebican  Hornbeam  {Carpinus  caroHniana  Walt). 

All  larral  stages  feed  upon  this  foliage,  and  defoliation  resalts  in  badly 
infested  territory. 

This  species  was  tried  in  both  laboratories,  and  first-stage  larvie  died  on  <Nr 
before  reaching  the  third  stage. 

Hop  Hobnbeam  (Ostrya  virginiana  [MllL]  WiUd.). 

In  the  tray  experimenU  at  Melrose  Highlands  and  Worcester  first-stage  larre 
failed  to  develof)  beyond  the  third  stage  on  this  foliage. 
Larvae  feed  on  this  foliage  in  all  stages  in  the  field. 

HiGHBUsH  HucKLKBERBY  (Oaylussocia  haccata  [Wang.]  Koch). 

This  is  an  unfavored  food  plant  and  will  not  sustain  the  larvse  until  they  are 
full  grown.  The  observers  report  seeing  the  larvae  in  all  stages  feeding  upon 
this  species;  in  most  cases  they  were  probably  lan'se  that  had  spun  down  from 
overhanging  trees. 

In  the  trays  a  few  male  moths  were  obtained  from  larvie  started  In  the  second 
stage. 

INKBEBBY  (Iles  glabra  [L.]  A.  Gray). 

In  southeastern  Massachusetts  this  species  is  common  over  large  areas. 
Tray  experiments  and  field  observations  both  show  that  the  larvie  can  not 
subsist  upon  it 

Smooth  Wintbbbebby  (Ilew  Utvigata  [Pursh]  A.  Gray). 

Larvse  have  been  reported  on  this  species  in  all  stages  eating  small  holes  or 
notches  in  the  leaves.  These  were  probably  larvte  that  had  been  shaken  down 
from  overhanging  trees  or  had  crawled  from  near-by  species.  None  seemed  to 
stay  for  extended  feeding. 

In  the  trays  there  was  very  slight  feeding  and  no  growth.  The  caterpillars 
died  rapidly  of  starvation; 

American  WerrE  Holly  {Ilew  opaca  Ait). 

Mr.  Schaffner  reporto  finding  larvse  in  the  third,  fourth,  and  fifth  stages  feed- 
ing slowly  on  this  speciea 

Larvae  in  the  trays  fed  sparingly  in  the  first  stage,  but  died  rapidly  of  starvt- 
tion.    In  the  succeeding  stages  there  was  hardly  any  feeding,  and  death  resulted. 

Fevebbush  {Ilew  verticiUata  [L.]  A.  Gray). 

Tray  experiments  and  field  observations  show  that  gipsy-moth  larvae  will  not 
subsist  on  this  species.  A  few  small  notches  in  the  leaves  observed  in  the  IMd 
and  notches  and  small  holes  in  the  leaves  In  the  trays  constituted  all  the  feed- 
ing.   Larvae  died  rapidly  and  did  not  grow  at  all. 

Labgeb  Blue-flag  {Iris  versicolor  L.). 

Mr.  Kennedy  found  fourth  and  fifth  stage  larvae  feeding  on  this  species  in 
Hampton,  N.  H.  The  swamp  was  situated  near  a  group  of  gray  birches  that 
were  badly  stripped ;  the  larvae  were  being  blown  off  by  the  wind,  and  in  seard^ 
Ing  for  food  crawled  to  these  plants  and  partially  defoliated  them. 


Digiti 


zed  by^GoOgle 


Bui.  250.  U.  S.  Dept.  of  Agriculture. 


Plate  V. 


Fig.  1.— Normal  Hemlock  Foliage,  Photographed  June  20,  1914. 
(Original.) 


Fig.  2.— Hemlock  Twig  Partly  Defoliated  by  Fourth-Stage  Gipsy- 
Moth  Larv>c;  Photographed  June  20,  1914. 

This  tree  was  stripped  of  foliage  before  midsammer.     (Original  (^^0(^qIp 
WORK    OF    GIPSY-MOTH    LARV/C    IN    HEMLOCK.  ^ 
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Poison  Ivy  (Towicodendron  radicans  [L.]  KunUse). 

Feeding  by  all  stages  except  the  sixth  fias  been  noted  upon  poison  ivy.  This 
resulted  in  a  number  of  notches  and  small  holes  being  made  in  the  leaves.  It 
is  not  a  favorable  food  plant. 

JUNiPEB,  Common  (Juniperua  communis  L.). 

Many  of  the  field  observers  have  seen  feeding  by  gipsy-moth  larvae  on  this 
species  in  all  stages,  usually  on  the  new  growth. 

Laboratory  work  shows  that  this  species  will  not  maintain  this  insect  through 
the  larval  stage. 

Kentucky  Coffee-tree  (Oymnocladiis  dioica  [L.]  Koch). 

This  species  was  tested  at  Worcester  and  also  at  the  Melrose  Highlands 
laboratories.  In  the  first  stage,  before  the  bud  scales  dropped,  there  was  con- 
siderable feeding.    Later  there  was  practically  no  feeding  in  any  of  the  stages. 

No  field  observations  have  been  made  on  this  species. 

American  Ij^bgh  (Lariw  laricina  [Du  Roi]  Koch). 

Tray  experiments  show  this  to  be  a  favored  food  for  the  gip^-moth  larv«. 
They  fed  freely  in  all  stages  and  grew  rapidly  and  to  large  size.  They  were, 
however,  badly  attacked  by  disease,  but  adults  were  secured  from  experiments 
begun  with  first-stage  caterpillars. 

No  field  observations  were  made  on  this  species. 

European  Larch  (Lariw  decidua  Mill.). 

Mr.  Proctor  notes  feeding  by  first-stage  larvae  on  this  species  and  In  a 
diminishing  degree  in  the  second  and  third  stages,  after  which  no  more  feeding 
was  noted.  Observations  were  made  in  only  one  locality,  and  the  species  was 
not  tested  In  the  trays  in  the  laboratory. 

Mountain  Laurel  (Kalmia  Xatifolia  L.). 

Tray  experiments  show  that  this  laurel  will  not  support  life  of  the  gipsy-moth 
larvse,  as  they  would  not  feed  upon  it  to  any  extent  and  die  rapidly  from  starva- 
tion. 

Two  observers  have  seen  slight  feeding  on  this  shrub  by  first,  fourth,  and 
fifth  stage  larvae,  the  two  latter  stages  working  on  the  blossoms  as  well  as  the 
leaves. 

Sheep  Laurel  (Kalmia  angustifolia  L.). 

B^eld  observations  and  tray  experiments  show  that  this  species  is  distasteful 
to  the  caterpillars,  as  they  eat  only  when  no  other  food  is  available  and  then 
to  a  very  limited  extent.  In  the  trays  the  larvae  died  rapidly  when  furnished 
with  no  other  food. 

Swamp  Eubotrys  (Euhotrya  raoemosa  [L.]  Nutt). 

Considerable  feeding  by  all  larval  stages  has  been  observed  by  Mr.  Schaffner 
on  this  species  in  Middleboro. 

In  the  trays  it  does  not  appear  a  very  favorable  food  and  no  pupae  were 
obtained,  as  all  larvae  died  of  disease  and  starvation. 
92719^—15 3 


Digiti 


zed  by  Google 


18  BULLETIN  250,  U.   S.   DEPARTMENT  OF  AGRICULTURE. 

Amebican  Linden  (Tilia  americana  L.). 

All  field  observers  agree  in  calling  this  a  favorable  food  for  the  gipsy-moth 
larvae.  It  is  eaten  freely  by  all  stages  and  Is  especially  favored  during  the  first 
three  larval  stages. 

In  the  trays  a  fair  iiercentage  of  adults  were  obtained  from  first-stage  larrse. 

European  Linden  {Tilia  sp.'  L.). 

Mr.  Schaffner  notes  considerable  feeding  on  this  species  by  second  and  third 
stage  larv«. 

In  the  trays  this  species  did  not  seem  to  be  as  favored  as  the  preceding  one; 
the  larv»  died  rapidly  and  none  pupated,  although  several  reached  the  fifth 
stage. 

Black  Locust  {Rohinia  paeudoacacia  L.). 

Slight  feeding  by  nil  stages  of  the  gipsy-moth  larvse  has  been  observed  in  the 
field  in  mixed  growth,  where  the  infestation  was  bad. 

In  the  trays  the  larvte  fed  very  sparingly  and  died  rapidly.  None  before  the 
third  stage  were  carried  to  the  adull  stage,  and  all  those  reared  were  male 
moths.    It  is  an  unfavored  Sjpecies. 

Honey  Locust   (Olediiaia  triacanthos  L.). 

Results  of  the  tray  work  show  that  this  species  ranlcs  the  same  ns  the 
preceding. 
No  observations  have  been  made  in  the  field  on  honey  locust. 

Peppee-bush   (Xoliama  liumstrina  [L.1  Britton). 

Slight  feeding  by  gipsy-moth  larvse  in  all  stages  has  been  observed  on  this 
species  in  the  field. 

In  the  trays,  feeding  was  very  slow  and  little  or  no  growth  resulted.  It  is 
an  unfavored  species. 

Mountain  Maple   {Acer  spioatum  Lam.). 

No  field  observations  have  been  made  on  this  maple. 

In  the  trays  the  first-stage  larvse  fed.  freely,  but  after  passing  into  the 

second  stage  feeding  was  much  less,  and  none  developed  beyond  the  third  staga 

Very  little  feeding  occurred  in  the  later  stages  and  no  adults  were  obtained. 

Norway  Maple  {Acer  plaianoides  L.). 

Adults,  both  male  and  female,  were  obtained  from  the  trays  started  with 
first-stage  larvse  on  this  foliage.  The  larv®  fed  freely,  especially  in  the  later 
stages,  and  grew  to  good  size. 

No  field  observations  were  made  on  this  maple. 

Norway  maple  and  the  box  elder  are  the  most  favored  species  of  the  maples. 
They  are  not  as  freely  eaten,  however,  as  many  other  food  plants. 

&  T.  platyphyllot  and  T.  vulffarig  are  the  lind^is  usually  included  by  nurserymeo  u 
T.  europwa,  bence  the  desl^atlon  TiHa  sp.  is  adopted  in  the  absence  of  specific  detecoi- 
nation. 
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Red  Maple  {Acer  rubrum  L.). 

When  this  maple  Is  mixed  with  other  trees  more  favored  by  gipsy-moth  larvae 
and  the  infestation  is  light,  the  feeding  in  all  stages  is  light.  When  the 
infestation  is  heavy  and  the  other  trees  in  the  combination  become  defoliated, 
or  nearly  so,  the  feeding  becomes  more  intense,  and  in  some  cases  defoliation 
of  this  maple  results.  It  is  not,  however,  a  favored  food  and  will  usually  be 
deserted  for  other  species. 

In  the  laboratory,  adults  were  obtainetl  from  trays  started  with  flrst-stiige 
larvee  on  this  foliage. 

SiLVEB  Maple  {Acer  saccharinum  L.). 

In  trays,  first-stage  larvae  did  not  develop  and  produce  adults,  as  all  the 
former  died  in  the  fourth  or  earlier  stages. 

No  field  observations  were  made  on  this  species.  This  is  not  as  favored  a 
food  as  red  maple. 

Striped  Maple  {Acer  pennsylvanicum  L.). 

Larvae  started  on  this  foliage  in  any  stage  failed  to  reach  the  next  stage. 
It  is  one  of  the  most  unfavored  of  the  maples. 
No  feeding  of  any  amount  was  observed  in  the  field. 

Sugar  Maple  {Acer  saccharum  Marsh.). 

Very  few  observations  on  this  species  have  been  made  in  the  field,  but  the 
observers  are  agreed  that  it  is  an  unfavored  food. 

In  the  trays  at  Worcest^  and  Melrose  Highlands  the  first-stage  larvae  grew 
fairly  well  and  a  few  male  and  female  moths  were  obtained.  It  is  less  favored 
than  Norway  maple  and  about  as  susceptible  to  attack  as  the  red  maple. 

Red  Mulberry  {Morns  rubra  L.). 

Mr.  Collins  tested  this  species  in  the  laboratory  at  Worcester  and  found  it 
an  unfavorable  food  for  the  gipsy-moth  larvae.  A  few  specimens  passed  into 
the  following  stage,  but  none  lived  through  two  stages  of  it.  No  field  observa- 
tions liave  been  made. 

WnrrE  Mulberry  {Morus  alba  L.). 

White  mulberry  was  tested  in  the  trays  at  Melrose  Highlands  and  about  the 
same  results  were  obtained  as  with  the  red  species,  except  that  it  is  slightly 
more  favorable  than  the  former.  One  male  was  reared  from  a  tray  started  with 
second-stage  larvae. 

No  field  observations  \Cere  made  on  this  species. 

Black  Oak  {Quercus  velutina  Lam.). 

The  oaks  are  among  the  most-favored  food  of  the  gipsy-moth  lar\'8e.  The 
young  larvae  begin  feeding  as  soon  as  the  buds  are  about  half  open.  This  is  a 
favored  species  and  is  eaten  freely  by  all  stages  of  the  caterpillars  and  produces 
large  and  vigorous  adults. 
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Rock  Chkstnut  Oak  {Quercus  prinus  L.). 

This  species  is  not  common  in  the  infested  area,  but  wherever  found  the  ob- 
servers were  unanimous  in  their  reports  that  it  is  very  favorabie  food. 

The  same  conclusions  were  drawn  from  the  tray  experiments.  The  larvse  fed 
freely  in  all  stages,  growth  was  rapid,  and  they  attained  large  size.  A  good 
percentage  reached  the  adult  stage. 

Dwarf  Chestnut  Oak  (Quercus  prinoides  Willd.). 

No  observations  were  made  on  this  species  in  the  field. 

The  larvae  fed  freely  in  the  laboratory  during  the  first  two  stages.  It  then 
became  necessary  to  discontinue  the  experiments,  as  the  specimen  trees  were 
sprayed.    It  is  undoubtedly  a  favored  food  plant 

Bub  Oak  (Quercm  macrocarpa  Michx.). 

Larvae  fed  freely  on  this  foliage  in  all  stages  and  grew  rapidly,  but  all  died 
of  disease  by  the  time  they  reached  the  sixth  stage. 
No  field  observations  were  made  on  this  species. 

Pin  Oak  (Quercus  paluMtris  Du  Boi). 

Larvae  fed  on  this  foliage  freely  In  all  stages  in  the  trays,  especially  in  the 
first  stage,  but  none  reached  the  adult  stage  on  account  of  disease. 
No  field  observations  were  made  on  this  oak. 

Post  Oak   {Quercua  stellata  Wang.). 

Trays  started  with  newly  hatched  larvae  on  this  foliage  produced  adult  moths. 
Larvae  fed  freely  in  all  stages. 
No  field  observations  were  made  on  this  species. 

Red  Oak  {Quercu€  rubra  L.). 

This  Is  one  of  the  most  abundant  oaks  and  the  records  of  field  obserTati<Hi8 
are  voluminous.  All  are  agreed  thot  the  larvae  feed  ravenously  on  it  in  all 
stages  and  that  large  vigorous  larvae  are  produced.  This  is  usually  one  of  the 
first  8i)ecies  to  be  entirely  defoliated  in  a  mixed  growth. 

In  the  trays  the  larvae  fed  freely  in  all  stages  and  good  reproduction  resulted. 

Scarlet  Oak  (Quercus  cocdnea  Wang.). 

In  most  of  the  infested  territory  this  oak  is  found  to  some  extent  and  all  are 
agreed  that  it  Is  eaten  by  larvae  In  all  stages,  but  usually  not  quite  as  freely  as 
white,  red,  or  black  oak. 

Tray  work  shows  It  to  l^e  a  favorite  food,  as  a  good  proportion  of  lan-ae  went 
through  to  the  adult  stage. 

Bear  Oak  (Quercus  ilicifolia  Wang.). 

As  a  food  for  gipsy-moth  larvae  this  Is  one  of  the  most  favored  oaks.  Not  all 
the  observers  had  this  species  in  their  divisions,  but  those  that  did  agree  as  to 
the  favorablllty. 

In  the  tray  work  the  same  thing  was  shown,  as  the  larv«  fed  freely  in  all 
stages. 
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Shingle  Oak  (Quercus  imbrioaria  Michx.). 

This  oak  is  a  favored  food  for  gipsy-moth  larve,  especially  after  the  first 
stage.    A  good  proportion  of  male  and  female  moths  were  reared. 
No  field  observations  were  made  on  this  speciea 

Swamp  White  Oak  (Quercus  Jticolor  Wllld.). 

The  feeding  in  the  trays  was  not  quite  as  free  on  this  species  as  on  some  of  the 
oaks,  but  a  fair  percentage  of  adults  were  reared. 

The  field  observers  do  not  all  agree  as  to  the  favorability  of  the  species,  as 
some  consider  it  the  most  favored  oak,  while  others  find  that  It  is  not  preferred 
as  much  as  other  oaks. 

White  Oak  (Quercus  alba  L.). 

This  species  does  not  put  out  foliage  until  after  the  other  oaks  and  other 
trees  in  the  combinations  have  come  into  leaf.  The  larve  feed  on  the  swelling 
buds,  and  many  desert  this  species  for  the  red,  black,  and  scarlet  oaks.  This 
accounts  for  the  early  stripping  of  the  other  species. 

Tray  work  and  field  observations  show  that  the  white  oak  Is  probably  the 
most  favored  food  plant  of  the  gipsy  moth. 

Osage  Obanoe  (Toxylon  ponUferum  [Raf.]). 

Tray  experiments  with  this  species  show  it  is  not  a  favored  food.    No  pupae 
were  obtained  and  but  few  larvie  reached  the  second  stage. 
No  field  observations  were  made. 

Peab  (Pyrus  communis  L.). 

Pear  foliage  will  sustain  life  in  the  gip^-moth  ]arv»  and  carry  them  through 
to  the  adult,  as  shown  by  Mr.  Oollins's  experiments  at  Worcester,  but  the 
larvie  and  adults  were  very  small  and  weak. 

In  the  field  but  very  little  feeding  has  been  noted  on  this  foliage. 

Persimmon  (Diospyros  virginiana  L.). 

This  Is  not  a  favorable  food  plant,  as  but  very  few  larrm  passed  from  one  stage 
to  the  next  stage,  and  growth  was  very  slow. 
No  field  observations. 

Pitch  Pine  (Pinus  Hgida  MiU.). 

In  the  tray  experiments  no  adults  were  obtained  from  larvn  started  before 
the  fourth  stage,  but  from  this  stage  both  male  and  female  moths  were 
produced. 

In  the  field  the  observers  note  feeding  by  the  fourth,  fifth,  and  sixth  stage 
larvte  when  pitch  pine  is  growing  with  gray  birch.  The  feeding  Is  mostly 
confined  to  the  old  needles,  the  new  growth  seldom  being  attacked. 

Red  Pine  (Pinus  resinosa  Alt.). 

In  the  tray  work  with  this  species  almost  no  feeding  was  observed  until 
iarvffi  in  the  third  stage  were  placed  upon  it.  These,  however,  did  not  live 
beyond  the  fdurth  stage.  The  feeding  was  done  by  eating  notches  in  the  old 
needles. 

In  the  field,  larvee  were  seen  to  feed  upon  red  pine  from  the  third  to  the 
sixth  stages.    In  the  last  three  stages  they  sometimes  cause  severe  stripping. 
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Scotch  Pine  (Pinus  sylveMtria  L.). 

Tray  experiments  started  with  first-stage  larvae  on  this  species  failed  to 
prmluoe  se<.on(l-8tage  larvie.  Those  started  with  second-stage  produced  sixth- 
stage  hirvip,  when  many  died  from  disease.  The  feeding  was  slow  until  the  new 
growth  expanded,  after  which  they  fed  freely. 

Mr.  Proctor  has  noted  practically  the  same  thing  in  the  field. 

(iRAY  Pine  {Pinu9  bankaiana  Lamb.). 

First-stage  larvae  started  on  this  foliage  in  the  trays  failed  to  go  beyond  the 
sp^«.nd  f^age.  Trays  started  with  larvae  in  the  third  stage  produced  both  male 
and  female  pniue.    Feeding  was  fairly  free  on  the  foliage  after  the  first  stage. 

No  i\i^U\  observations  were  made  on  this  pine. 

Wkstern  White  Pine  {Pinus  nionticola  Dougl.). 

First-stage  larvie  supplied  with  this  foliage  failed  to  reach  the  second  stage, 
but  second-stage  larvjp  fed  and  a  good  number  of  male  motbs  were  produced. 
The  feeding  ;ifter  the  first  stage  was  quite  free,  and  this  food  seems  to  be  more 
/avore<l  than  the  white  pine. 

No  field  observations  were  made  on  this  pine. 

White  Pine  (Pinus  strohua  L.). 

Tray  exi>erinients  show  that  first-stage  larvte  can  not  feed  to  any  extent  upon 
The  foliage  and  do  not  pass  into  the  second  stage.  Mr.  Ck)llins  succeeded  in 
re.  ring  adults  from  second-stage  larvae  at  Worcester  on  white  pine. 

In  the  field,  where  the  pine  is  clear  or  in  mixture  with  hemlock,  feeding  did 
not  begin  l>efore  the  third  or  fourth  stages.  When  the  pine  is  mixed  with  gray 
bireh  or  with  any  of  the  oaks,  first  and  second  stage  larv»  were  observed  feed- 
ing to  a  slight  extent. 

The  larva  begins  feeding  near  the  base  of  the  needle  and  eats  through  until 
the  larger  i)art  falls  to  the  ground.  Other  needles  are  attacked  in  the  aame 
way,  so  that  a  tree  may  be  stripped  in  a  very  short  time.     (PL  VL) 

Beach  Plum  (Prunus  maritima  Wang.). 

Beach  plum  is  not  a  particularly  favored  food  plant.  First-stage  larvse  died 
before  completing  the  third  stage,  and  those  started  in  the  third  stage  produced 
niale  moths  only.  They  fed  but  little,  grew  very  slowly,  and  the  pup«e  were  of 
small  size. 

Mr.  Kennedy  observed  larvae  in  the  first,  second,  and  third  stages  feeding 
upon  this  foliage  to  a  slight  extent  In  the  field. 

American  Aspen  (Populus  tremuloides  Miclix.). 

Although  this  species  can  not  be  placed  in  the  class  with  oak,  apple,  willow, 
etc.,  in  favorability,  yet  it  will  support  the  larvae  from  time  of  hatching  to 
pupation,  and  will  produce  fairly  vigorous  pupie.  The  male  moths  developed 
from  experiments  when  larvie  were  started  In  the  first  stage. 

Feeding  was  observed  in  the  field  by  all  stages,  and  in  some  cases  compl^» 
defoliation  resulted. 
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Balm-of-Oilead  (Populua  halaamifera  L.). 

In  the  trays  the  food  withered  badly,  and  although  first-stage  larvte  de- 
veloped fall-grown  larvse  and  moths  they  were  undersized. 

In  the  field  the  writer  has  observed  very  large  sixth-stage  larrse  feeding  on 
this  poplar,  and  large  adults  resulted. 

Labge-toothed  Aspen  {Populua  grandidentata  Michx.). 

No  adults  were  obtained  from  the  trays  started  with  first-stage  larrie  on  this 
species,  as  the  last  caterpillar  died  in  the  fifth  stage.  The  larvs  fed  freely  op 
to  the  fonrth  stage,  when  feeding  fell  off  and  they  died  rapidly  of  disease. 

In  the  field  much  the  same  observations  were  made,  but  the  larvae  were  ex- 
ceptionally large  and  some  moths  were  produced. 

LoMBABDT  PoFi.AB  (Populus  nigra  var.  italic<»  Moench). 

No  adnlts  were  obtained  from  this  species  either  at  Worcester  or  at  Melrose 
Highlands,  but  at  the  former  laboratory  larvse  in  the  fifth  stage  developed  in 
trays  started  in  the  first  stage.  Feeding  was  quite  free  on  this  species,  but  the 
larvfle  died  rapidly  of  disease. 

No  field  observations  were  made. 

Stlyeb  Poplar  {Populua  alha  L.) 

Both  at  Worcester  and  Melrose  Highlands  the  larvse  started  in  the  first  stage 
on  this  foliage  all  died  by  the  time  they  reached  the  fifth  stage.  They  fed  quite 
freely,  bat  died  rapidly  of  disease. 

This  fiq;>ecle8  is  not  favored  by  the  gipsy  moth  as  are  the  other  poplars. 

Privst  {Liguatrum  vulgare  L.) 

Very  few  larve  started  in  any  stage  on  this  foliage  reached  the  succeeding 
stage. 

Mr.  Schaffner  reports  slight  feeding  by  second,  third,  and  fourth  stage  larvte. 
It  is  an  unfavored  Q)ecies. 

^  Raspbbbbt  {Rubua  sp.). 

Several  observers  have  records  of  feeding  on  this  plant.  Most  of  these  are 
of  larv8B  In  the  first  stages.    Complete  defoliation  occasionally  results. 

Pabtubb  Rose  {Roaa  virginiana  Mill.). 

A  large  percentage  of  adults  were  reared  from  trays  started  with  first-stage 
larve  fed  upon  this  foliage.    Heavy  feeding  occurs  in  all  stages. 

Records  of  field  observations  show  that  the  larvae  feed  freely  in  all  stages 
when  the  Infestation  is  fairly  heavy  and  stripping  has  been  noted. 

Wild  Sabsapabilla  {Aralia  nudicaulia  L.). 

SarsapariHa  is  a  plant  which  is  very  common  in  some  localities.  No  feeding 
has  been  found  on  its  foliage  by  the  gipsy-moth  larvse. 
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Sassafeas  {Sassafras  sassafras  [L.]  Karst). 

A  few  male  motbB  were  produced  In  trays  started  with  first-stage  larv«  on 
this  foliage.  Feeding  was  fairly  heavy  in  all  stages.  This  foliage  was  very 
hard  to  keep  in  a  fresh  state  and  the  trays  had  to  be  changed  frequently. 

Field  observers  have  recorded  feeding  in  all  stages  and  in  some  instances 
defoliation. 

Sebvice-berby  {Amelanchier  canadensis  [L.]  Medic). 

This  is  a  very  favorable  food  plant  as  the  tray  experiments  and  the  observa- 
tions in  the  field  show.  The  trays  produced  a  good  percentage  of  males  and 
females.    The  larv^  grew  rapidly  and  were  of  large  sise. 

Field  observers  record  the  feeding  of  the  larvae  in  all  stages  and  in  some  case*) 
a  complete  defoliation. 

Skunk  Cabbage  (Spathyema  fcstida  [L,l  Rat). 

Mr.  Kennedy  found  fourth  and  fifth  stage  larvce  feeding  upon  this  epecies. 
and  they  continued  into  the  sixth  stage.    Many  of  the  leaves  were  badly  eat^i. 

Black  Spbuce  {Picea  mariana  [Mill.]  B.S.P.). 

No  field  observations  were  made  on  this  species. 

In  the  trays,  first-stnge  larvie  were  reared  to  adults  on  this  foliage.  Daring 
the  first  stage,  growth  was  very  slow  and  many  died  of  starvation,  but  in  the 
second  stage  feeding  increased  and  continued  to  increase  with  each  successiTe 
stage.    The  larvae  in  the  last  stages  were  large  and  fed  ravenously. 

NoBWAY  Spbuce  {Picea  abies  [L.]  Karst). 

From  trays  started  with  third-stage  larv«,  adult  moths  were  reared.  Lairse 
in  all  the  lower  stages  died  before  reaching  the  next  stage.  In  the  later  stages 
feeding  was  rapid,  but  in  the  first  three  stages  the  larvie  fed  very  little  and 
growth  was  very  slow. 

Red  Spbuce  {Picea  rubens  Sargent). 

Trays  started  with  first-stage  larvae  on  this  foliage  did  not  produce  second- 
stage  larvse;  when  started  with  second-stage,  male  moths  were  produced  only. 
In  the  first  st^^c  no  feeding  could  be  found  on  the  foliage,  and  in  the  next 
stages  feeding  and  growth  were  slow.  In  the  last  stages,  however,  the  larvn 
fed  ravenously  and  growth  was  much  faster. 

White  Spbuce  {Picea  canadensis  (MilL)  B.S.P.). 

The  second  stage  produced  a  small  percentage  of  male  moths,  and  no  femaleB 
with  larvae  started  in  trays  on  this  foliage.  Those  started  in  the  first  stage 
died  before  reaching  the  second  stage.  In  the  later  stages  feeding  was  fairly 
heavy  and  growth  was  rapid.  It  is  about  the  same  in  favorability  as  red 
spruce. 

Mountain  Sumac  {Rhus  copaUina  L.. 

This  is  one  of  the  most  favorable  foods  for  all  stages  of  the  larvae.  A  good 
percentage  of  males  and  females  were  reared  from  first-stage  lan'ae  in  the  trays 
and  growth  was  rapid. 

All  stages  have  been  observed  feeding  upon  it  in  the  field,  and  defoliation  has 
been  noted  re|)eatedly. 
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SoASLET  Sumac  (Rhus  glabra  L.) 

This  is  another  favorable  species,  and  the  larvee  grew  to  very  large  sise.  The 
first  stage  began  feeding  on  the  swelling  buds  by  eating  a  small  hole  through 
the  scales,  and  as  the  milky  sap  began  to  flow  the  larvse  fed  upon  it.  They  did 
not  move  about  very  much,  but  grew  rapidly. 

Feeding  has  been  observed  by  all  stages  in  the  field. 

Staghobn  Sumac  (Rhus  hirta  [L.]  Sudw.). 

This  is  not  as  favorable  a  species  as  the  two  foregoing.  The  larvse  do  not 
grow  as  large.  They  will,  however,  develop  from  the  first  stage,  bat  are  badly 
attacked  by  disease. 

Ali  stages  feed  upon  it  in  the  fi^d. 

Red  Gum  (Liquidatnbar  atyraci/lua  L.). 

This  species  ranks  high  as  a  favored  food  plant.  Larvse  fM  freely  in  all 
stages  and  grew  rapidly.  In  the  last  two  stages,  however,  they  were  badly 
affected  by  disease. 

No  field  observations  are  available. 

Sweet  Peppebbush  (Clethra  alnifoUa  L.). 

Field  records  show  very  slight  feeding  by  all  stages  of  the  larvae  that  have 
dropped  from  the  overhanging  trees,  but  they  soon  moved  to  other  food. 

In  the  trays  no  adults  were  obtained  by  starting  any  stage  on  this  foliage 
until  the  fifth  stage  was  reached,  and  then  males  were  produced.  It  is  a  very 
unfavored  food  plant. 

Stoamobe  (Platanus  oocideniaiis  L.). 

Very  few  field  records  have  been  obtained  on  this  species,  although  the  see- 
ond  and  third  stages  have  been  seen*  feeding  very  slightly  on  it. 

In  the  trays  the  foliage  was  apparently  very  distasteful  to  them,  and  there 
was  but  little  feeding  and  growth.  Third-stage  larvee  were  reared  to  a  few 
male  moths.    It  is  an  unfavored  species. 

Tulip  Tbee  (lAriodendron  tulipifera  L.). 

Bach  successive  stage  was  tried  in  the  trays  containing  this  foliage,  both  at 
Worcester  and  Melrose  Highlands,  but  none  reached  the  adult  stage  until  ex- 
periments were  begun  with  fifth-stage  caterpillara  Scarcely  any  feeding  was 
observe  after  the  bud  scales  and  blossoms  dropped. 

No  field  observations  were  made. 

Black  Gum  (Nysaa  Bylvatioa  Marsh). 

In  the  trays  adults  were  reared  from  second-stage  larvae  on  this  foliage,  but 
all  were  males.  In  the  first  stage  but  very  little  feeding  could  be  found  on  the 
leaves,  and  the  larvae  did  not  reach  the  second  stage. 

In  the  field  all  stages  were  observed  feeding  upon  the  foliage,  but  no  bad 
stripping  was  noted  until  the  later  stages. 
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Maple-leaved  Arbowwood  (Viburnum  acerifoUum  L.). 

This  viburnum  is  not  favored  by  the  gipsy-moth  larve  in  any  stage,  as  shown 
by  the  field  observations  and  the  tray  work. 

In  the  trays  none  reached  the  adult  stage,  and  nearly  all  the  larvee  died  in  the 
stage  iu  which  the  exi)eriment  was  started. 

In  the  field  many  larvse  in  all  stages  were  noted  upon  the  foliage,  having 
dropi)ed  from  the  overshadowing  trees,  but  very  little  feeding  was  seen. 

Arbowwood  {Viburnum  dentatum  L.). 

This  foliage  is  somewhat  more  favorable  as  a  food  for  gipsy-moth  larvse,  as 
those  started  in  the  second  stage  reached  the  fifth  stage,  but  no  pupie  were 
obtained. 

In  the  field  but  few  observers  had  opportunity  to  obtain  notes  on  this  species. 
They  have  made  record  of  slight  feeding  in  nearly  all  stages. 

Sweet  Viburnum  (Viburnum  lentago  L.). 

The  foliage  of  lentago  is  more  readily  eaten  by  gipsy-moth  larv»  than  the 
foregoing  si)ecies.  A  few  larvse  started  in  the  early  stages  passed  into  the  next 
stage,  and  male  adults  were  obtained  from  trays  started  with  fourth-stage 
larvce.    Growth  was  very  slow  and  all  were  of  small  size. 

No  field  observations  were  made  on  tliis  i^)ecies. 

Cranberry  Tree  (Viburnum  opului  L.). 

Field  observations  show  slight  feeding  by  the  larv«  in  nearly  all  stages. 
No  tray  experiments  were  conducted  with  this  species. 

Appalachian  Tea  (Viburnum  casainoides  L.). 

No  pupse  were  obtained  from  experiments  with  this  specif  in  the  trays.  The 
flrst-stjige  larvse  died  after  reaching  the  third  and  fourth  stages,  and  the  second- 
stage  experiments  w^re  closed  In  the  fifth  and  sixth  stages. 

In  the  field  no  feeding  was  observed  except  a  few  small  notches  in  the  leaves. 

Black  Walnut  (Juglana  nigra  L.). 

Tray  exi)erimeuts  started  with  flrst-stage  larva  produced  fifth-stage  larvie 
before  they  finally  died.  In  the  earlier  stages  very  little  feeding  was  done,  but 
it  increased  considerably  in  the  later  stages.    It  is  not  a  favorable  food  plant 

No  field  observations  were  made. 

White  Willow  (Salim  alba  L.). 

This  is  among  the  most-favored  food  plants  for  the  gipsy-moth  lary».  In  the 
trays  a  good  number  of  adults  of  both  sexes  were  obtained. 

In  the  field  all  stages  were  observed  feeding  on  the  foliage,  and  large  larvae, 
adults,  and  egg  masses  were  produced. 

Glaucous  Willow  (Salim  discolor  MohL). 

This  species  is  also  a  favored  food  plant.  In  the  trays  a  good  number  of 
adults  were  obtained  from  first-stage  larv«,  which  grew  rapidly  and  were  of 
large  size. 

No  field  observations  were  made. 
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Bat-leaved  Willow  (BaUm  pentandra  L.). 

From  trays  started  with  first-stage  larv«  only  fourth-stage  larv»  were  pro- 
duced before  they  all  died.  No  adults  were  obtained  until  fifth-stage  larvser  were 
started.    The  foliage  was  rather  distasteful  to  them  and  growth  was  slow. 

No  field  observations  were  made  on  this  ^)ecle& 

Sandbab  Willow  {Saliit  interior  Eowlee). 

Not  as  ftivored  as  the  first  two  species,  but  more  favored  than  the  bay-leaved 
willow.  Trays  started  with  third-stage  larvce  produced  both  male  and  female 
moths. 

No  field  observations  were  made  on  this  willow. 

Witoh-hazel  (Hamamelis  virginiana  L.). 

From  the  field  came  reports  of  the  feeding  of  gipsy-moth  larvse  in  all  stages 
upon  this  foliage,  but  probably  more  freely  In  the  first  stages. 

In  the  trays,  adults  were  reared  Irom  first-stage  larvee,  which  fed  steadily  in 
all  stages. 

The  results  given  indicate  in  a  general  way  the  susceptibility  of 
the  species  concerned  to  gipsy-moth  attack 

There  is  in  some  cases,  at  least,  considerable  variation  in  suscepti- 
bility of  different  trees  of  the  same  species. 

During  the  summer  of  1912  foliage  from  two  willow  trees  {Salix 
alba  L.)  were  tested  in  trays  at  Melrose  Highlands.  They  were 
growing  side  by  side  on  lowland  near  a  brook  and  both  were  in  vigor- 
ous condition.  First-stage  gipsy-moth  larvse  were  placed  in  trays 
on  the  foliage  of  each  tree. 

Those  supplied  with  the  foliage  of  one  tree  fed  normally,  grew 
rapidly,  and  in  due  time  developed  into  large  adults.  The  other  lot 
grew  very  slowly  and  the  larv»  were  very  small  and  small  adults 
developed.  Nearly  three  times  as  many  eggs  were  secured  from  the 
first  lot  as  from  the  second.  All  the  larvae  used  in  the  experiment 
hatched  from  the  same  egg  cluster. 

In  1913  foliage  from  the  same  trees  and  larvee  hatched  from  the 
eggs  of  the  previous  year  were  used  and  the  results  were  exactly 
reversed. 

This  indicates  that  there  is  variation  in  results  with  the  same  spe- 
cies of  tree,  but  in  this  case  it  was  not  constant.  A  number  of  experi- 
ments along  this  line  are  contemplated. 

COMBINATION-TRAT  EXPERIMENTS. 

Several  series  have  been  conducted  to  determine  feeding  prefer- 
ences of  gipsy-moth  larvee  when  two  species  of  foliage  were  supplied 
in  the  same  tray.  In  deciding  the. combination  of  species  to  be  used 
it  was  thought  best  to  place  in  the  trays  species  that  are  usually  found 
growing  together  in  the  field. 
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The  results  given  below  have  been  compared  with  the  results  with 
the  same  food  plants  growing  in  the  open  in  so  far  as  this  data  is 
available. 

Sprkckled  Alde&and  Wn.Low. 

Larvie  fed  on  both  species,  but  appeared  to  prefer  ald^  in  all  stages.  After 
tbe  foliage  on  alder  was  nearly  all  eaten  the  lanrse  attacked  the  willow. 

More  adults  were  reared  from  these  trays  than  from  either  alder  or  willow 
when  fed  alone.    The  larve  grew  steadUy  and  attained  large  size. 

In  the  field  both  alder  and  willow,  when  growing  together,  are  defoliated  if 
the  infestation  is  heavy.    The  alder  is  usually  stripped  first. 

AiiEBiOAif  Beech  and  Chestnut. 

Larvse  fed  freely  on  the  beech  in  the  first  two  and  last  two  stages.  In  the 
first  stage  there  was  no  feeding  on  chestnut,  and  during  the  second  stage  ^e 
feeding  was  light,  increasing  to  free  in  the  third  and  fourth.  After  the  fourth 
stage  feeding  decreased  on  chestnut  Preference  for  beech  was  noted  except 
in  third  and  fourth  stages. 

Larvffi  grew  to  medium  size  and  a  fair  percentage  reached  the  adult  stage. 

Ameeican  BiaoH  and  Red  Oak. 

Both  of  these  foods  were  eaten  freely  throughout  the  experiment  Oak  was 
a  decided  favorite  in  the  first  five  stages.  In  the  sixth  stage  feeding  decreased, 
as  the  larvee  preferred  the  more  tender  leaves  of  the  beech.  The  larve  grew 
rapidly  and  were  of  large  size.    A  good  percoitage  reached  the  adult  stage. 

In  the  field  the  larv»  fed  on  the  beech  in  the  first  two  stages,  then  changed  to 
the  oak,  where  they  fed  until  the  last  stage,  when  they  returned  to  the  beech. 

American  Beech  and  Sugab  Mafle. 

Both  these  food  plants  were  fed  upon  freely  until  the  fifth  stage,  th^i  mod- 
erately. A  slight  but  continued  decrease  was  noted  on  maple  from  the  begin- 
ning of  the  fifth  stage  to  the  closing  of  the  traya  Very  little  preference  was 
observed  in  the  first  four  stages. 

A  few  larvse  reached  the  adult  stage. 

Black  Bibch  and  Witch  Hazel. 

There  was  no  feeding  on  the  birch  during  the  first  stage  and  bat  very  little 
in  the  second  and  third.  In  the  fourth  and  fifth  stages  the  larvaB  preferred  the 
birch.  The  larvae  fed  freely  on  witch  hazel  tn  the  early  stage&  The  cater- 
pillars were  small  and  reproduction  resulted  from  this  experiment 

Gray  Bibch  and  Chestnut. 

There  was  no  feeding  on  the  chestnut  during  the  first  stage,  but  a  steady 
Increase  was  noted  thereafter.  Feeding  was  constant  on  the  gray  birch  in  all 
stages. 

The  larvae  grew  slowly  and  were  of  small  size  and  but  few  reached  the  adult 
stage. 
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Gbat  Bibch  and  Whitb  Pine. 

The  larvae  fed  freely  In  all  stages  on  gray  birch,  but  none  at  all  on  the  pine 
In  the  first  stage.  The  feeding  on  the  latter  species  gradually  increased  until* 
in  the  last  stages,  they  fed  as  well  on  this  foliage  as  on  the  birch.  They  grew 
well  and  attained  normal  size  and  several  reached  the  adult  stage. 

In  the  field  in  areas  having  this  combination,  the  larvae  fed  on  the  birch 
during  the  first  three  stages,  when  they  attacked  the  pines.  These  were  de- 
foliated in  many  cases  in  the  last  three  stages.  The  prevalence  of  wilt  in  the 
field  often  exerts  a  powerful  Influence  in  preventing  complete  defoliation  of 
pine  when  It  is  grown  in  this  combination. 

Gbay  Bibch  and  Red  Spbuoe. 

During  the  first  stage  all  of  the  feeding  was  on  the  gray  birch.  There  was 
a  slight  increase  in  feeding  on  the  spruce  in  the  later  stages  until  the  last  two, 
when  it  diminished  on  the  iQ)ruce. 

The  larvae  were  rather  small  in  size  and  grew  slowly.  A  few  reached  the 
adult  stage. 

PtAPEB  Bibch  and  Hemlock. 

The  larvae  fed  freely  oh  the  paper  binA  in  all  stages.  No  feeding  was  noted 
on  hemlock  in  the  first  stage,  light  in  the  second,  and  increasing  during  the 
third,  and  continuing  moderate  until  the  trays  were  closed.  The  larvae  showed 
a  preference  for  birch  in  all  stages,  grew  steadily  to  large  size,  and  a  large 
number  of  male  and  female  moths  developed. 

Papeb  Bibch  and  Suoab  Maple. 

The  sugar  maple  in  combination  with  this  species  is  a  favorable  food.  The 
larvae  fed  upon  it  freely  from  the  first  to  the  fifth  stages.  During  the  fifth 
and  sixth  stages  it  was  eaten  more  moderately.  Birch  vras  eaten  freely  at  all 
times,  although  preferred  in  the  later  stages.  Both  species  were  eaten  equally 
in  the  earlier  stages. 

The  larvae  were  of  medium  size  and  several  reached  the  adult  stage. 

Pafeb  Bibch  and  Labge-toothed  Aspen. 

Both  of  these  foods  are  favorable.  Except  in  the  first  stage,  when  the  poplar 
was  preferred,  the  larvae  fed  with  the  same  degree  of  freedom  upon  each.  They 
grew  steadily  in  the  first  stage,  but  more  rapidly  in  the  remaining  stages,  and 
attained  average  size.    Several  developed  into  adults. 

Papeb  Bibch  and  Red  Spbuoe. 

Larvae  fed  freely  on  the  birch  in  all  stages,  but  did  not  feed  on  the  spruce  in 
the  first  stage.  Feeding  increased  from  the  beginning  of  the  second  stage  to 
the  end  of  the  fifth.  Medium-sized  larvae  resulted,  from  which  several  adults 
developed. 

Papeb  Bibch  and  Wftch-hazel. 

The  larvae  fed  freely  on  both  food  plants,  with  slight  preference  for  witch- 
hazel  until  near  the  end  of  the  experiment,  when  birch  was  eaten  more  freely. 
Large  larvae  resulted,  from  which  several  adults  developed. 
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Yellow  Bibch  aivd  Hsmlock. 

Larrffi  fed  on  the  birch  freely  in  the  first  fonr  stages  and  more  moderately 
in  the  latter  stages.  No  feeding  occurred  on  hemlock  in  the  first  and  second 
stages.    It  was  slight  in  the  third  and  continued  light  in  the  remaining  stages. 

Larvffi  grew  rather  slowly  and  were  of  small  sixe  and  a  few  changed  to 
adnlt& 

Tbllow  Bibch  and  Rid  Mafle. 

Laryffi  fed  more  freely  on  birch  than  on  maple,  and  the  same  proportionate 
feeding  was  maintained  throughout  the  experiment  They  were  of  small  size 
and  were  badly  attacked  by  disease.    A  small  number  reached  the  adult  stage. 

Tellow  Bibch  and  Suoab  Maple. 

The  larv©  fed  moderately  on  both  food  plants,  with  a  slight  preference  for 
the  birch  at  times.  They  grew  slowly  and  were  of  moderate  size.  A  tew  males 
and  females  were  obtained. 

Tellow  Bibch  and  Witch-hazel. 

There  was  moderate  feeding  on  both  these  food  plants,  but  at  times  some 
preference  was  shown  for  witch-hazel.  Growth  was  rather  slow  and  the  larvse 
attained  moderate  size.    A  few  males  resulted. 

Low  Blubebbt  and  White  Pine. 

This  is  the  most  unfavorable  of  the  blueberries.  Feeding  was  very  light  In 
the  early  stages  and  Increased  later,  but  at  no  time  was  this  plant  eaten  freely. 
There  was  no  feeding  on  pine  in  the  first  three  stages.  It  was  light  in  the 
fourth  and  increased  in  the  later  stages.  Larvffi  grew  slowly  In  the  early 
stages,  but  much  more  rapidly  later,  and  reached  medium  size.  Only  males 
were  obtained. 

In  a  single  location  in  the  field  the  blueberry  was  very  slightly  eaten  by 
first-stage  larvcp,  but  no  feeding  was  noted  by  the  later  stages.  The  infestation 
was  light  and  no  defoliation  resulted  to  either  the  blueberry  or  pine. 

Tall  Blxtebebby  and  White  Pine. 

The  feeding  on  blueberry  by  the  first  and  second  stage  was  light  and  there 
was  great  variation  in  the  rapidity  of  growth.  In  the  remaining  stages  feeding 
was  free.  Fine  was  not  eaten  in  the  first  two  stages.  In  the  other  stages  It 
was  fed  upon  slightly,  but  not  freely.  The  larvae  grew  quite  rapidly  and  reached 
medium  size.    Adults  of  both  sexes  were  obtained. 

Blxtebebby  and  White  Fine. 

This  blueberry  is  the  most  favored  of  the  blueberries,  and  larv«  fed  freely 
upon  it  in  all  stages.  Pine  was  not  eaten  at  all  in  the  first  two  stages,  bnt 
feeding  increased  in  the  later  stages,  when  it  was  often  eaten  from  choice. 
The  larvie  grew  rapidly  and  attained  average  size,  and  males  and  females 
developed. 

Field  reports  show  nearly  complete  stripping  of  the  blueberry,  but  almost 
no  injury  being  done  to  the  pines. 
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SouTHEBN  White  Cedak  and  Red  Maple. 

Maple  feeding  was  very  light  in  the  first  stage;  a  gradual  increase  in  the 
caisnlng  stages,  which  was  never  more  than  moderate.  Cedar  was  not  eaten  in 
any  stage  even  when  the  maple  was  in  a  withered  condition.  The  growth  of 
the  larvae  varied  greatly  In  this  experimoit. 

In  Middleboro,  Mas&,  a  large  aiea  in  a  swamp  where  these  species  predomi- 
nate has  been  under  observation  for  several  years.  During  some  seasons  both 
the  maples  and  the  cedars  have  been  defoliated,  the  latter  by  the  large  larvse. 

The  small  amount  of  undergrowth  and  the  few  other  species  of  trees  are  un- 
favored food  for  gipsy-moth  larvie,  and  in  this  case  practically  all  the  feeding 
has  been  confined  to  the  two  species  under  discussion.  This  field  record  fur- 
nishes information  which  is  quite  contradictory  to  the  laboratory  experiments, 
although  such  evidence  is  exceptional. 

AMEBICAir   HOBNBEAM    AND   ReD  OaK. 

Feeding  was  continuous  in  all  stages  on  the  oak,  but  was  very  slight  on  the 
hornbeam  in  the  first  two  stages,  but  later  was  much  greater.  A  decided  prefer- 
ence for  oak  was  shown  in  all  stages.  The  larvse  grew  steadily  and  attained 
large  size.    A  good  percentage  reached  the  adult  stage. 

HOPHOBNBEAM  AND  ReD  Oak. 

The  larvfle  fed  freely  in  all  stages  on  the  oak,  and  the  feeding  increased  from 
slight  at  the  start  to  moderately  free  on  hornbeam  at  the  close  of  the  ex- 
p^ment  Larvae  grew  rapidly  and  attained  large  size  and  a  good  percentage 
reached  the  adult  stage. 

American  I^nden  and  Red  Maple. 

The  larvae  fed  moderately  on  the  maple  throughout  the  experiment.  Linden 
feeding  was  moderate  in  the  first  stage,  falling  off  slightly  in  the  second  and 
third,  and  moderate  in  the  remaining  stagea  The  larvae  were  of  good  size 
and  a  fair  percentage  of  adults  was  obtained. 

Elm  and  White  Pine. 

None  of  the  first-stage  larvae  started  on  these  food  plants  passed  beyond  the 
third  stage.  They  fed  only  on  the  elm  and  were  of  very  small  size.  Those 
started  in  the  third  stage  produced  male  and  female  moths.  They  fed  slowly 
on  these  foods,  and  grew  accordingly. 

In  the  field  there  has  apparently  been  a  steady  decrease  in  the  infestation, 
the  pines  being  eaten  by  the  large  larvae. 

Hemlock  and  American  Linden. 

Larvae  fed  freely  on  linden  in  all  stages  and  very  slightly  on  hemlock  in  the 
second  stage.  Feeding  increased  on  the  latter  species  in  each  successive  stage. 
The  larvae  attained  moderate  size,  and  a  few  adults  were  reared. 

Hemlock  and  Sugar  Maple. 

There  was  no  feeding  on  the  hemlock  during  the  first  stage,  but  it  increased 
gradually  from  the  second  to  the  sixth  stage.  Feeding  was  moderate  on  maple 
during  the  whole  experiment.  The  larvae  reached  medium  size,  and  a  f^  adults 
of  both  sexes  were  obtained. 
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Hemlock  and  Witch-hazel. 

The  larvse  fed  freely  in  all  stages  on  the  witch-haasel,  hot  none  at  all  on 
the  hemlock  In  the  first  stage;  feeding  increased  gradually,  and  in  the  tliree 
last  stages  hemlock  foliage  was  eaten  freely. 

The  larve  were  of  good  size  and  produced  both  male  and  female  motha 

CHBSTIfUT   AND  RED   MaPLE. 

No  feeding  was  ai^>arent  on  the  chestnut  during  the  first  and  second  stages, 
and  it  was  mod^ate  in  the  remaining  stages.  Feeding  on  maple  was  mod- 
erate in  all  stages.  The  larvie  were  below  average  size,  grew  slowly,  and  only 
males  developed. 

In  the  field  similar  results  have  been  observed. 

OHESTmrr  and  Black  Oak. 

The  larvffi  fed  freely  on  both  food  plants,  except  In  the  first  stage,  wben 
they  attacked  oak  exclusively.  They  grew  steadily,  attained  large  size,  and 
adults  were  reared. 

Field  observations  indicate  that  these  species  are  freely  eaten  when  growing 
In  the  same  locality. 

Chestnut  and  Chestnut  Oak. 

The  oak  was  fed  upon  freely  in  all  stages,  but  the  chestnut  was  eaten  mod- 
erately in  all  stages  except  the  first  Growth  was  slow  and  the  larvse  died 
before  pupating. 

Chestnut  and  White  Pine. 

Larvae  started  in  the  first  stage  died  in  the  third  stage  or  earlier.  Those 
that  molted  once  were  very  small  and  puny,  while  those  started  In  the  third 
stage  produced  a  few  male  moths.  Both  plants  were  eaten  quite  fre^y  In  the 
last  stages. 

Similar  results  have  been  noted  in  the  field. 

Amebican  Linden  and  Red  Oak. 

The  larvae  fed  lightly  on  the  linden  In  the  first  few  stages,  and,  althou^  the 
feeding  increased  slightly  in  the  later  stages,  it  was  never  excessive.  Oak  was 
preferred  and  was  eaten  freely  in  all  stages.  The  larvse  developed  rapidly, 
were  of  average  size,  and  several  moths  were  reared. 

In  the  field  this  combination  furnishes  very  favorable  food  for  the  t^psy 
moth. 

Red  Maple  and  Witch-hazel. 

The  larvae  fed  freely  on  both  food  plants  in  the  first  two  stages,  but  from  the 
end  of  second  stage  to  the  close  of  the  experiment  a  preference  was  shown  fbr 
witch-hazel. 

The  larvae  grew  rather  slowly  and  but  few  adults  were  obtained. 

White  Pine  and  Witch-hazel. 

The  larvae  fed  moderately  on  witch-hazel  in  all  stages,  but  none  on  pine 
during  the  first  two  stages.  Later  the  feeding  increased  steadily  to  the  end  of 
the  experiment. 

The  lanae  were  of  small  size  and  but  few  adults  were  reared. 
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PoPLAB  AND  Red  Spbuce. 

The  larvse  fed  freely  on  the  poplar  in  all  stages,  but  very  slightly  on  the 
spruce,  no  feeding  being  noted  in  the  first  two  stages.  They  grew  steadily  and 
to  fairly  large  size,  and  a  small  number  reached  the  adult  stage. 

CLASSIFICATION  OF  FOOD  PLANTS. 

As  a  result  of  the  experiments  with  single  food  plants  and  combi- 
nations, it  is  possible  to  draw  up  a  classification  of  the  trees  and 
shrubs  tested  as  regards  their  susceptibility  to  attack  by  the  gipsy 
moth. 

They  have  been  arranged  in  the  following  classes: 

Class  I.  Species  that  are  favored  food  for  the  gipsy  moth. 

Class  II.  Species  that  are  favored  food  for  the  gipsy  moth  after 
the  early  larval  stages. 

Class  III.  Species  that  are  not  particularly  favored,  but  upon 
which  a  small  proportion  of  the  gipsy-moth  larvae  may  develop. 

Class  IV.  Species  that  are  imf avored  food  for  the  gipsy  moth. 

Class  I. — Species  that  are  favored  food  for  the  gipRy-moth  larvw. 


Alder,  Spreckled. 

Apple. 

Ash,  Mountain. 

Aspen,  American. 

Aspen,  Large-toothed. 

Balm-of-Gilead. 

Beech,  American. 

Birch,  Gray. 

Birch,  Paper. 

Birch,  Red. 

Blueberry  (V.  angustifoUum) . 

Box  Elder. 

Gum,  Red. 

Hawthorn. 

Hazelnut 

Hazelnut,  Beaked. 

Larch,  American. 

Larch,  European. 

Unden,  American. 

Linden,  European. 

Oak,  Black. 


Oak,  Rock  Chestnut 
Oak,  Dwarf  Chestnut 
Oak,  Bur. 
Oak,  Pin. 
Oak,  Post. 
Oak,  Red. 
Oak,  Scarlet 
Oak,  Bear. 
Oak,  Shingle. 
Oak,  Swamp  White. 
Oak,  White. 
Poplar,  Lombardy. 
Rose,  Pasture. 
Service-berry. 
Sumac,  Mountain. 
Sumac,  Scarlet. 
Sumac,  Staghom. 
WiUow,  White. 
Willow,  Glaucous. 
Willow,  Sandbar. 
Witch-hazel. 


Class  II. — Species  that  are  favored  food  for  gipsy-moth  larvw  after  the  earlier 

larval  stages. 


Chestnut 

Hemlock. 

Pine,  Pitch. 

Pine,  Red. 

Pine,  Scotch. 

Pine,  Jack. 

Pine,  Western  White. 


Pine,  White. 
Plum,  Beach. 
Spruce,  Black. 
Spruce,  Norway. 
Spruce,  Red. 
Spruce,  White. 
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Class  III. — Species  that  are  not  particularly  favored  hut  upon  which  a  small 
proportion  of  the  gipsy-moth  larv<g  may  develop. 


Barberry,  Euroiiean. 
Bayberry. 
Birch,  Black. 
Birch,  Yellow. 
Blueberry,  Low. 
Blueberry,  Tall. 
Cherry*  Sweet, 
(^herry.  Wild  Black, 
(^herry,  Wild  Bed. 
( 'hokeberry. 
Choke  Cherry. 
Cottonwood. 
Cranberry.  American. 
Elm,  American. 
Elm,  European. 
Elm,  Slipi^ery. 


Fern,  Sweet. 
Gale,  Sweet 
Gum,  Black. 
Hickory,  Bittemut. 
Hickory,  Mockemut. 
Hickory,  Pignut. 
Hickory,  Sliagbark. 
Hornbeam,  American. 
Hophombeam. 
Maple,  Norway. 
Maple,  Red. 
Maple,  Silver. 
Maple,  Sugar. 
Pear. 

Poplar,  Silver. 
Sassafraa 


(^i.Ass  IV. — t^pecies  that  are  unfavored  food  for  gipsy-moth  larvw. 


Arbor  Vita*. 

ArrowwtKxl. 

Arrowwood,  Maple-leaved. 

Ash,  Black. 

Ash,  Blue. 

Ash,  Red. 

Ash,  White. 

Azalea.  White  and  Flame. 

Balsam,  Fir. 

Blackberry,  High. 

Blue-flap.  Larger. 

Butternut. 

Catalpa,  Hardy. 

Cedar,  Red. 

Cedar,  Southern  White. 

Cornus. 

Cranberry-tree. 

Currant,  Red. 

Cypress,  Bald. 

Dangleberry. 

Dock,  Narrow. 

Dogwood,  Flowering. 

Elder,  American. 

Eubotrys,  Swamp. 

Feverbush. 

Grai)e. 

Greenbrier. 

Hackberry. 

Hardback,  Pink. 

Hardback,  White. 

Holly,  American  White. 

Honeysuckle,  Bush. 


Huckleberry,  Highbush. 

Inkberry. 

Ivy.  Poison. 

Juniper,  Common. 

Kentucky  Coffee-tree. 

Laurel,  Mountain. 

Laurel,  Sheep. 

Locust,  Black. 

Locust,  Honey. 

Maple,  Mountain. 

Maple,  Striped. 

Mulberry,  Red. 

Mulberry,  White. 

Osage  Orange. 

Osier,  Red. 

Pepperbush. 

Persimmon. 

Privet. 

Raspberry. 

SarsapariUa. 

Skunk  Cabbage. 

Spice-bush. 

Sweetbrier. 

Sweet  Pepper-bush. 

Sycamore. 

Tea,  Appalachian. 

Tulip-tree. 

Viburnum,  Sweet. 

Walnut,  Black. 

Willow,  Bay-leaved. 

Winterberry,  Smooth. 
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In  arranging  the  foregoing  classes  it  was  not  easy  in  all  cases  to 
assign  a  food  plant  according  to  this  arbitrary  classification.  A 
number  of  species  such  as  the  poplars  and  hickories  belong  near  the 
border  line  of  Classes  I  and  II,  and  they  have  been  rated  in  the  list 
which  seems  most  appropriate.  In  general  it  can  be  said  that  when- 
ever any  of  the  trees  or  shrubs  in  Class  IV  are  growing  together  no 
injury  from  gipsy-moth  attack  need  be  feared,  and  the  same  is  true 
of  Class  II,  or  a  combination  of  Classes  II  and  IV.  In  case  any  of 
the  species  given  in  Class  III  are  present  there  is  a  slight  chance 
of  injury  resulting,  but  for  practical  purposes  no  difficulty  is  likely 
to  be  experienced  by  an  owner  so  long  as  the  species  given  in  Class  I 
are  not  present  in  his  woodland  or  on  his  private  grounds. 

THE  FOREST  PROBLEM. 

An  examination  of  these  classes,  however,  shows  that  the  species 
noted  in  Class  I  are  at  present  the  dominant  species  in  the  wood- 
lands in  the  area  now  infested  with  the  gipsy  moth.  The  oaks  and 
birches  predominate  over  much  of  this  area,  and  this  increases  the 
difficulty  of  remedying  the  situation. 

It  will  be  noted  that  most  of  the  species  of  high  commercial  value 
are  included  in  Classes  I  and  II.  In  arranging  combinations  which 
will  resist  moth  attack  it  is  necessary  to  consider  the  soil  and  other 
conditions  suitable  for  their  successful  growth  and  to  endeavor  to 
bring  about  replacements  with  the  least  possible  exp^iditure  of 
money. 

The  encouragement  of  coniferous  growth  is  to  be  commended  pro- 
vided the  Class  I  trees  can  be  eliminated.  Experimental  work  with 
different  stands  of  forest  growth  is  being  conducted  by  Mr.  G.  E. 
Clement,  of  the  Bureau  of  Entomology,  and  practical  advice  to 
owners  conveying  the  best  methods  of  handling  their  wooded  areas 
is  being  furnished. 

It  should  be  noted  in  examining  the  foregoing  lists  that,  in  addi- 
tion to  forest  trees  and  shrubs,  plants  of  much  importance  to  hor- 
ticulture and  for  ornamental  and  city  planting  are  included.  The 
problem  is  therefore  broader  than  that  of  managing  forests,  as  horti- 
cultural and  shade-tree  management  should  be  adopted  so  that  the 
least  injury  will  result  from  the  moth  and  that  the  least  expense  in 
controlling  it  will  be  necessary. 

RECOMMENDATIONS  FOR  ORCHARD  PRACTICE. 

Among  the  horticultural  crops  most  likely  to  be  affected  by  the 
gipsy  moth  is  the  apple. 

In  moderate  infestations  the  gipsy  moth  can  be  controlled  by 
spraying  with  arsenate  of  lead,  used  at  the  rate  of  10  pounds  to  100 
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gallons  of  water.  It  should  be  applied  as  soon  as  the  trees  come  into 
full  leaf  and  will  assist  materially  in  controlling  the  codling  motL 
Improved  methods  of  management  and  care  of  the  trees  will  do  much 
to  decrease  the  danger  from  this  pest.  Hollow  trees  should  be  filled 
or  cut,  and  all  rubbish  that  will  furnish  convenient  quarters  in  which 
the  moths  may  deposit  their  eggs  should  be  cleaned  up  and  burned. 

If  the  orchard  infestation  is  serious,  creosoting  egg  clusters  and 
banding  the  trees  with  tanglefoot  may  be  necessary. 

During  the  past  year  a  number  of  cases  of  severe  injury  to  cran- 
berries have  been  observed.  This  was  caused  by  feeding  of  the  cater- 
pillars on  the  tender  growth  and  cutting  oflP  the  fruit  buds  and  blos- 
soms, which  resulted  in  a  serious  decrease  in  the  yield. 

It  is  probable  that  this  insect  will  not  increase  in  sufficient  numbers 
in  cranberry  bogs  to  kill  the  vines,  and  it  has,  therefore,  been  coa- 
sidered  as  able  to  survive  on  this  plant  (Class  III).  The  money  loss 
on  accoimt  of  diminution  in  yield  is  likely  to  be  serious. 

THE  CITY  PROBLEM. 

On  home  grounds,  in  cities  and  parks,  or  on  street  or  shade  trees, 
this  problem  requires  the  expenditure  of  large  sums  of  money  if 
species  favorable  for  the  development  of  gipsy-moth  caterpillars  are 
to  remain.  Not  only  must  the  insect  be  reduced,  so  that  injury  to 
the  trees  will  not  result,  but  the  caterpillar  nuisance  must  be  abated, 
particularly  in  the  residential  sections. 

When  future  plantings  are  made,  species  should  be  selected  which 
will  not  require  a  constant  expenditure  of  money  in  order  to  keep 
them  free  from  the  moths.  The  lists  given  will  furnish  a  guide  in 
this  respect. 

INDEX  OF  FOOD  PLANTS  USED  IN  THE  EXPERIMENTS. 

Alder,  Spreckled  {Alnus  incana  [L.]  WiUd.) 6 

Apple  {Pyrus  malus  L.) 6 

Arbor  Vlt«  (Thuja  occidentalis  L.) C 

Arrowwood  (Viburnum  deniatum  L.) 26 

Arrowwood,  Maple-leaved  (Viburnum  acerifolium  L.) 36 

Ash,  Black  (Fraxinus  nigra  [Marsh.]) 6 

Ash,  Blue  (Fraxinus  quadrangulata  Michx.) 6 

Ash,  Mountain  (Pyrua  americana  (Marsh.)  D.C.) 7 

Ash,  Red  (Fraxinus  pennsylvanica  Marsh.) 7 

Ash,  White  (Fraxinus  americana  L.) 7 

Aspen,  American  (Populus  tremuloides  Michx.) 22 

Aspen,  Large-toothed  (Populus  grandidentata  Michx.) 23 

Azalea,  Flame  (Azalea  lutea  L.) 7 

Azalea,  White  (Azalea  viscosa  L.) 7 

Balm-of-Gilead  (Populus  halsanUfera  L.) 25 

Barberry,  Ehiropean  (Berberis  vulgaris  L.) 7 

Bayberry  (Myrica  carolinensis  Mill.) 7 
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Beech,  American  (Fagua  grandifolia  EShrh.) 8 

Birch,  Black  {Betula  lenta  L.) 8 

Birch,  Gray  {Betula  populifoUa  Marsh.) 8 

Birch,  Paper  (Betula  papyrifera  Marsh.) 8 

Birch,  Red  (Betula  nigra  L.) 8 

Birch,  Yellow  (Betula  lutea  Mlchx  t) 9 

Blackberry,  High  (Rubus  sp.) 1 9 

Blueberry,  Low  (Vaccinium  vacUlana  Kalm.) 9 

Blueberry,  Tall  (Vaccinium  carymbosum  L.) 9 

Blueberry  (Vaccinium  angmtifolium  Alt.) 9 

Blue-flag,  Larger  (Iris  versicolor  L.) 16 

Box  Elder  (Acer  negundo  L.) 9 

Butternut  (Juglans  cinerea  L.) 10 

Catalpa,  Hardy  (Catalpa  specioaa  Warder) 10 

Cedar,  Red   (Juniperus  virginiana  L.) 10 

Cedar,  Southern  White  (ChamcBcyparis  thpoides  [L.]  B.S.P.) 10 

Cherry,  Sweet  (Prunus  avium  L.) 11 

Cherry,  Wild  Black  (Padus  iHrginiana  (L.)  Mill.) 11 

Cherry,  Wild  Red  (Prunus  pennsylvanica  L.  f.) 11 

Chestnut  (Castanea  dentata  [Marsh.]  Barkh.) 11 

Chokeberry  (Aronia  meUmocarpa  [Mlchx.]  Britton) 11 

Choke  Cherry  (Padus  nana  (Du  Roi)  Roemer) 10 

Comus  (Comus  sp.) 11 

Cottonwood  (Populus  deltoides  Marsh.) 12 

Cranberry,  American  (Oxycoccus  macroearpus  [Ait]  Pursh) 12 

Cranberry  tree  (Viburnum  opulus  L.) :.__  26 

Currant,  Red  (Ribes  vvUgare  Lam.) 12 

Cypress,  Bald  (Taxodium  distichum  [L.]  Rich.) 12 

Dangleberry  (Gaylussacia  frondosa  [L.]  T.  &  G.) 12 

Dock,  Narrow  (Rumex  crispus  L.) 13 

Dogwood,  Flowering  (Cynoxylon  floridum  [L.]  Raf.) U 

Elder,  American  (Sambuctts  canadensis  L.) 13 

Elm,  American  (Ulmus  americana  L.) 13 

EHm,  English  (Ulmus  campestris  L.) 13 

Elm,  Slippery  (Ulmus  fulva  Mlchx.) 13 

Eubotrys,  Swamp  (Eubotrys  racemosa  [Li]  Nutt.) 17 

Fern,  Sweet  (Comptonia  peregrina  [L.]  Coulter) 13 

Feverbush   (Hex  verticillata  [L.]  A.  Gray) 16 

Fir,  Balsam  (Abies  balsamea  [L.]  Mill.) 14 

Gale,  Sweet  (Myrica  galeli,) 14 

Grape  (Vitis  labrusca  L.) 14 

Greenbrier  (Smilax  rotnndifolia  L.) 10 

Gum,  Black  (Nyssa  sylvatica  Marsh.) 25 

Gum,  Red  (Liquidambar  styraciflua  L.) 25 

Hackberry  (Celtis  occidentalis  L.) _ _ 14 

Hardback,  Pink  (Spiraea  tomentosa  L.) 14 

Hardback,  White  (Spircea  salicifoUa  L.) 14 

Hawthorn  (Cratwgus  sp.) 14 

Hazelnut  (Corylus  americana  Walt.) 15 

Hazelnut,  Beaked  (Corylus  rostrata  Alt.) 15 

Hemlock  (Tsuga  canadensis  [L.]  Carr.)- 15 

Hickory,  Blttemut  (Hicoria  cordiformis  [Wang.]  Britton) 15 

Hickory,  Mockemut  (Hicoria  alba  [L.]  Britton) 15 
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Hickory,  Plgnnt  (Hicoria  glabra  [MUl.]  Brlttolv) 15 

Hickory,  Shagbark  (Hicoria  ovata  [MiU.]  Britton) 15 

Holly,  American  White  {Ileof  opaca  Alt.) 16 

Honeysuckle,  Bush  {DiervUla  diervUla  [U]  MacM.) 13 

Hornbeam,  American  (Carpinus  caroliniana  Walt.) 16 

Hop  Hornbeam  (Osirya  virginiana  [MllL]  Willd.) 16 

Huckleberry,  Highbnsb  (Oaylussacia  bacoata  (Wang.)   Koch 16 

Inkberry  (Ilex  glabra  [L.]  A.  Gray) 16 

Ivy,  Poison  (Toxicodendron  radicans  [L.]  Kuntse) r 

Juniper,  Ck>mmon  {JuMperus  communis  L.)- r 

Kentucky  CJoflfee-tree  (Oymnocladus  dioioa  [L.]  Koch) r 

Larch,  American  {Larim  laridna  [Du  Roi]  Koch) 1 

Larch,  European  (Lariw  decidua  Mill.) r 

Laurel,  Mountain  (Kalmia  latifolia  L.) 1* 

Laurel,  Sheep  (Kalmia  angustifolia  L.) 17 

Linden,  American  (Tilia  americana  L.) 18 

Linden,  European  (Tilia  sp.  L.) 18 

Locust,  Black  (Robinia  Paeudoacacia  L.) 18 

Locust,  Honey  (Oleditsid  triacanthos  L.) 18 

Maple,  Mountain  (Acer  apicatum  Lam.) 18 

Maple,  Norway  (Acer  platanoidea  L.) 18 

Maple,  Red  (Acer  rubrum  L.) * 19 

Maple,  Silver  (Acer  aaccharinum  L.) 19 

Maple,  Striped  (Acer  pennsylvanicum  L.) _ ..  19 

Maple,  Sugar  (Acer  saccharum  Marsh.) 39 

Mulberry,  Red  (Morus  rubra  L.) 19 

Mulberry,  White  (Morus  alba  L.) 19 

Oak,  Bear  (Quercus  ilicifolia  Wang.) 20 

Oak,  Black  (Quercus  velutina  Lam.) 19 

Oak,  Rock  Chestnut  (Quercus  prinus  L.) 20 

Oak,  Dwarf  Chestnut  (Quercus  prinoides  WUld.) 20 

Oak,  Bur  (Quercus  m^acrocarpa  Michx.) 20 

Oak,  Pin  (Quercus  palustris  Du  Roi) 20 

Oak,  Post  (Quercus  stellata  Wang.) 20 

Oak,  Red  (Quercus  rubra  L.)-^ 20 

Oak,  Scarlet  (Quercus  coccinea  Wang.) 20 

Oak,  Shingle  (Quercus  imbricaria  Michx.) 21 

Oak,  Swamp  White  (Quercus  bicolor  Willd.) 21 

Oak,  White  (Quercus  alba  L.) 21 

Osage  Orange  (Toxylon  pomiferum  [Raf.]) 21 

Osier,  Red  (Comus  stolonifera  Michx.) 12 

Pear  (Pyrus  communis  L.) 21 

Pepperbush  (Xolisma  ligustrina  [L.]  Britton) IS 

Persimmon  (Diospyros  virginiana  L.) 21 

Pine,  Gray  (Pinus  banksiana  Lamb.) 22 

Pine,  Pitch  (Pinus  Hgida  MUl.) - 21 

Pine,  Red  (Pinus  rcsinosa  Alt.) 21 

Pine,  Scotch  (Pinus  sylvestris  L.) 22 

Pine,  White,  Western  (Pinus  monticola  Dougl.) 22 

Pine,  White  (Pinus  strobus  L.) 22 

iPlum,  Beach  (Prunus  maritima  Wang.) . 22 

Poplar,  Lombardy  (Populus  nigra  var.  italica  Moench)- 3 

t>oplar.  Silver  (Populus  alba  L.) 28 
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Privet  (Liguatrum  vvXgare  L.) 23 

Raspberry  (Rubua  sp.) 23 

Rose,  Pasture  (Rosa  virgMana  Mill.) 23 

SarsapariUa,  Wild  {AraUa  nudicaulis  L.) 23 

Sassafras  (Sassafras  sassafras  [L.]  Earst.) 24 

Service-berry  {Amelanchier  canadensis  [L.]  Medic.) 24 

Skunk  Cabbage  (Spathyema  fosUda  [L.]  Raf.) 24 

Spice-bush  (Bezoin  CBSiivale  [L.]  Nees) 14 

Spruce.  Black  (Picea  mariana  [MiU.]  B.S.P.) 24 

Spruce,  Norway  (Picea  abies  [L.]  Karst) 24 

Spruce,  Red  (Picea  ruhens  Sargent) 1 24 

Spruce,  White  (Picea  canadensis  [BfiU.]  B.S.P.) 24 

Sumac,  Mountain  (Rhus  copaUina  L.) 24 

Sumac,  Scarlet  (Rhus  glalra  L.) 25 

Sumac,  Staghom  (Rhus  hiria  [L.]  Sudw.) 25 

Sweetbrier  (Rosa  rulHginosa  L.) 10 

Sweet  Pepperbush  (Clethra  €tlnifolia  L.) 25 

Sycamore  (Plaianus  occidentaUs  L.) 25 

Tea,  Appalachian  (Viburnum  cassinoides  L.) 26 

Tulip  Tree  (lAriodendron  tuUpifera  L.) 25 

Viburnum,  Sweet  (Viburnum  lentago  L.) 26 

Walnut,  Black  (Juglans  nigra  L.) 28 

WUlow,  White  (aaliw  abla  L.) 26 

Willow,  Glaucous  (Saliw  discolor  Muhl.) 26 

Willow,  Bay-leaved  (Salix  pentandra  L.) 27 

Willow,  Sandbar  (Saliw  interior  Rowlee) 27 

Winterberry,  Smooth  (Ilew  Iwvigata  [Pursh]  A.  Gray) 16 

Wintergreen  (Oaultheria  procumbens  U) 10 

Witch>liazel  (Hamamelis  virginiana  L.) 27 
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